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Abstract 
This study was conducted to identify environmental tracers using water chemistry and stable 
isotopes in the Moulton Road area adjacent to the Yankee Doodle tailings impoundment north of 
Butte, Montana.  The water level of the tailings lake is being raised as tailings slurry is pumped 
up to the impoundment, and numerous residential wells are located in close proximity.  Although 
it has an alkaline pH (> 9), the water in the tailings lake is much higher in some chemical 
constituents than the wells and some of these constituents could be used as tracers to determine if 
lake water is migrating out of the impoundment due to the rising level.  Tracers examined in this 
study include the O- and H-isotopic composition of water and the concentration and S- and O-
isotopic compositions of dissolved sulfate.  Although water in the tailings lake is partly 
evaporated, the contrast between the isotopic signature of the lake and the groundwater wells is 
relatively small, making it a less powerful tracer.  On the other hand, sulfate concentrations are 
more than an order of magnitude higher in the lake than in the groundwater.  Whereas the S-
isotope compositions of dissolved sulfate in lake and groundwater samples are similar, the O-
isotope compositions of sulfate for the two end members are very different (-2.8 and -14.0 ‰, 
respectively).  A conservative mass balance model was used to predict changes in the 
concentration and isotopic composition of sulfate in background groundwater as water sourced 
from the tailings lake is mixed in.  As little as 5% mixing of lake water is enough to cause a 
substantial shift in the δ18O of dissolved sulfate in a long-term groundwater monitoring well.   
 
This study also reports new data on the geochemistry of the active tailings slurry, the shallow 
sediment in the tailings lake, and the shallow sediment pore water of the lake.  Acid-base 
accounting tests show that the solid fraction of the tailings slurry is net acidic, and will generate 
acid leachate if allowed to completely oxidize.  The shallow sediment in the lake is also net 
acidic, but has somewhat higher neutralization potential compared to the slurry due to 
precipitation of calcite in the lake.  Results from sediment pore water samplers (peepers) and 
piezometers show very little change in the chemistry of the pore water as the sediment is buried, 
at least to a depth of 8 feet.  Vertical gradients in the pore waters are directed upwards, consistent 
with an increase in pore-water pressure as the tailings sediments consolidate.     
 
Based on the results of this study it is recommended that δ18O-sulfate should be added to the list 
of analytes obtained from long-term monitoring wells in the Moulton Road area.  This parameter 
is the most powerful tracer of potential mixing of lake water and background groundwater.   
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1. Introduction   
The water in the active Yankee Doodle tailings impoundment in Butte, Montana, has a 
much different chemistry with higher pH (>9.5), higher total dissolved solids (TDS), and higher 
concentrations of certain chemical constituents (e.g., sulfate, calcium) than the nearby bedrock 
aquifer to the west and north.  The possibility exists that raising the water level in the tailings 
lake and the future water surface elevation will result in subsurface leakage of groundwater to 
the west off of the mine property and possible contamination of residential wells.  This study will 
incorporate the results of groundwater and surface-water sampling performed by Hydrometrics 
in 2015-2016, along with additional samples that were collected by the author in the lake 
sediment pore water during the summer of 2016. 
 
1.1. Project Objectives 
The purpose of this study is to identify the most sensitive chemical or isotopic tracer to 
detect if leakage should ever occur from the tailings lake.  Montana Resources, Inc. (MR) is in 
the process of applying for a permit from the Montana Department of Environmental Quality 
(MDEQ) to raise the elevation of the tailings dam in order to accommodate additional tailings for 
continuation of mining activities.   
 This study will describe the background chemistry and isotopes in the residential wells on 
the ridge along Moulton Road, monitoring wells between the road and the lake, springs and 
creeks in the area, and in the tailings lake.  The question of whether the chemistry of the lake 
water changes as it is buried by new layers of tailings and as lake water moves down through the 
tailings will be tested by installing piezometers and sediment pore water samplers at several 
locations in the lake.  A detailed examination of the physical hydrogeology of the tailings lake 
and surrounding bedrock aquifer was not part of this study. 
      
1.2. Site Description 
The Yankee Doodle tailings impoundment is a reservoir constructed to hold the tailings 
(crushed rock from the mill) and its associated water.  The tailings lake was constructed in the 
area of an historic creek floodplain and the current water level in the pond is still lower than 
surrounding groundwater elevations.  The tailings lake is located on MR property north of the 
Berkeley Pit and the Horseshoe Bend Water Treatment Plant (Figure 1).  Moulton Reservoir, a 
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drinking water supply for the city of Butte, is located approximately 5 miles north (upstream) of 
the tailings lake.  The tailings lake is approximately 1,500 acres (2.5 mi2) in area and holds a 
volume of approximately 25,000 acre-feet of water.  Tailings from the mill operation at MR are 
pumped in a slurry (a mixture of 40% crushed rock and 60% water) though a pipeline up to the 
tailings lake at approximately 18,000 gallons per minute (gpm).  The embankment will be raised 
as more tailings are pumped up to the tailings lake.  The current permit allows the tailings lake to 
reach an elevation of 6,303 feet above mean sea level (amsl), which is anticipated to occur in 
2020.  The water level in the tailings lake rises at a rate of 5 to 6 feet per year.  The permit being 
applied for would allow the continued use of the tailings lake through approximately 2035 by 
raising the water level to a maximum elevation of 6,372 feet amsl.  The area or footprint of the 
tailings lake will not be increased appreciably by raising its elevation, but another embankment 
is being built up on the western shore of the lake as the water rises.  A toe drain, or “French 
drain” is currently being constructed in order to allow groundwater leakage from the lake to be 
captured and recycled and to prevent it from migrating beyond the embankment to the west and 
affecting groundwater in the residential area.  The toe drain will be 40 feet wide by 20 feet tall 
and will contain four extraction basins, two of which will have pumps that circulate water from 
the toe drain back to the lake.  The remaining two extraction basins are a redundancy in the event 
that more water is needed to be pumped back to the lake.  
 
1.3 Geology 
 The geologic map (Houston, 2013) for the study area is shown in Figure 2 below.  The 
majority of the residential and monitoring wells in the project area are completed in granite 
capped by thin soils, with non-homogeneous areas of bedrock-fracture zones.  Numerous 
mapped faults and quartz veins exist in the study area (Fig. 2).  These are mainly east-west 
trending, and there is a general increase in the frequency of veining and intensity of hydro-
thermal alteration going from north to south along the ridge area where Moulton Road is located.  
Drilling logs for most of the wells that were sampled show granite with small amounts of gravel 
and clay down to 500 feet.  A topographic high point exists running north-south along Moulton 
Reservoir Road approximately ½ mile west of the tailings lake.  The road to Moulton Reservoir 
more or less follows this divide.  This ridge separates the drainages that are tributaries to the 
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tailings lake (Silver Bow Creek, Dixie Creek, and Yankee Doodle Creek) and Orofino Gulch and 
Bull Run Creek to the west.    
 
 
Figure 1. Aerial Photo of Project Study Area. 
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Figure 2. Geologic Map of Project Study Area.  
 
The groundwater surface generally follows the topography in the study area, except 
where it has been disturbed by mining.  Groundwater flows north to south, and along the ridge it 
flows toward the lake and to the west toward Orofino Gulch.  However, at the south end of the 
ridge, water levels are higher in part because the ridge is wider in this area and receives more 
recharge from rain and snow.  A previously identified low point in the potentiometric surface 
exists in the bedrock ridge that is possibly caused by shear zones weathered to clay that cross cut 
the ridge and restrict the north to south groundwater flow.     
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2. Methods 
2.1. Sample collection 
2.1.1 Water Samples 
Water samples were collected from residential and monitoring wells adjacent to Moulton 
Road by Hydrometrics, Inc. semiannually as part of the groundwater investigation for MR’s 
permit application for raising the tailings lake level.  The water quality analyses were performed 
at Energy Labs in Billings, Montana.  The majority of residential wells are located to the west of 
the road and the majority of the monitoring wells are located east of the road (Figure 3).  The 
monitoring wells were installed by MR between 2012 and 2015 to document groundwater 
elevations and determine background water quality along Moulton Road.  This study uses 
analytical data from samples collected by Hydrometrics in October and November of 2015 and 
in June of 2016.  In the fall of 2015, 20 monitoring wells were sampled and 22 residential wells 
were sampled.  In the spring of 2016, 20 monitoring wells were sampled and 29 residential wells 
were sampled.  Surface water samples were also collected by Hydrometrics during the same time 
periods.  Twelve surface water locations were sampled in the fall of 2015 and 14 surface water 
samples were collected in the spring of 2016 (Table 1).    In addition to the regular samples 
collected for MR, Hydrometrics also collected 40-mL dissolved samples for stable water 
isotopes and 500-mL dissolved samples for sulfate isotopes.  Both of these sample types were 
non-preserved.  The water isotope samples were collected for this study in the fall of 2015 and 
spring of 2016.   
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Table 1. Surface water location descriptions.  
Site ID Description 
BRCD-1   
BRCD-1B Spring trib flow into pond at headwaters of Bull Run Creek drainage at Reilly residence. 
BRCD-1E Spring located northwest of BRCD-1B 
BRCD-2 Upper Bull Run Creek drainage downstream of BRCD-1 at Poorman Rd crossing. 
BRCD-4 Bull Run Creek at end of Frog Pond Rd, downstream of BRCD-3. 
BRCD-5   
OFGD-1 Head of Frog Pond at junction of Bull Run Creek Rd and Frog Pond Rd (east of Bull Run Creek Rd). 
OFGD-3 Downstream Orofino Gulch in Section 10.  
DC-1 Lower Dixie Creek at impoundment immediately upstream of metal culvert. 
SBC-1 Silver Bow Creek immediately upstream of tailings pond. 
SBC-3 Upper Silver Bow Creek. 
YDC-1 Yankee Doodle Creek immediately upstream of tailings pond. 
YD-3B Unnamed tributary to tailings pond-lower. 
YDS-1 Spring/seep drainage west of Yankee Doodle Creek. 
YDTI-NE Northeast portion of tailings pond. 
YDTI-NW Northwest portion of tailings pond.  
 
2.1.2 Peeper and Piezometer Samples   
Five piezometers were installed by the author along an east-west alignment near a 
transition in the lake sediment from beach sands to finer slimes where water was 1 to 3 feet deep 
(Figure 4).  GPS coordinates of the piezometer locations were recorded using a DeLorme 
Earthmate PN-30 GPS unit.  They were installed on July 6, 2016.  The piezometers were 
constructed with 10-ft. long sections of 1-in. diameter PVC pipe.  The pipe was screened by 
making hacksaw cuts in ½-inch increments in the bottom foot of each pipe.  An end cap was 
glued to the end of each pipe and then silica sand was poured in to fill up the bottom 2 feet of 
each pipe.  The piezometers were installed by paddling an inflatable kayak out to each of the 
chosen locations and then pushing the pipe down approximately 6 to 7 feet into the sediment.  
Relatively soft sediment was encountered below a slightly harder surface crust at most 
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Figure 3. Sample Location Map. 
 
locations.  A post pounder was used at some locations to get the piezometer down to the 
preferred depth.  After the piezometers were installed in the lake sediment, argon gas was used to 
purge the air space in each pipe and an end cap was loosely placed to allow argon to escape as 
water levels recovered in the pipes.  The argon gas was used because it is a heavy gas and will 
prevent oxidation of the water in the piezometer.  Photos of the sampling equipment can be 
found in Appendix F.   
Sediment pore water samplers called “peepers”, or modified Hesslein diffusion samplers, 
were installed at the Piezometer 1 and 2 locations.  Hesslein designed the peepers to collect close 
interval, vertical pore water samples from sediment with very low hydraulic conductivity like 
pond sediment (Hesslein, 1976).  Peepers allow sediment pore water to diffuse through a nylon 
membrane into individual cells that can be sampled after the peeper is removed from the 
sediment.  The peepers are clear acrylic rectangular panels with 28 horizontal cells cut out of a 
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Figure 4. Piezometer Locations in Tailings Lake 
 
back panel in 1 cm vertical increments.  There is a 5 µm pore size diameter nylon membrane 
placed over the back panel covering the open cells.  Another acrylic panel with cut-outs 
corresponding to the openings on the back panel is placed over the membrane and the assembly 
is secured together with stainless steel screws along the outer edges and down the middle.  The 
peepers were assembled while submerged in a cooler filled with deionized (DI) water saturated 
with nitrogen gas and all air bubbles were removed from under the membrane of the cells before 
tightly screwing the panels together.  The cooler was outfitted with tubing installed through the 
side connected to a nitrogen gas tank and regulator which was slowly bubbled into the DI water 
for approximately 24 hours prior to installation of the peepers to purge the water of dissolved 
oxygen (DO).  During transport to the site, a portable argon gas cylinder was used to keep the 
peepers anoxic.  Peepers 1 and 2 were installed into the lake sediment with 2 and 3 of the 
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horizontal cells above the sediment, respectively.  A section of string was tied to the top of 
peeper and then taped to the piezometer to aid in recovery.  
Water samples were collected from each of the five piezometers from the inflatable 
kayak on July 27, 2016.  The static water level (SWL) was recorded to determine if a vertical 
gradient in hydraulic head exists in the buried lake sediment.  Teflon tubing was connected to 
silicone tubing and the water sample was collected using a peristaltic pump.  Filtering of 
dissolved samples was done while pumping from the piezometers using 0.2-micron PES 
disposable filters.   
The peristaltic pump was also used to collect samples in 60-mL bottles that had been 
prepared prior to sampling for IC anions, ICP metals, alkalinity, ammonia, and phosphate from 
the peeper cells.  A set of sample bottles for alkalinity, ammonia and phosphate analysis was 
prepared by filling with approximately 50 mL, 30 mL and 20 mL of DI water, respectively and 
capped, labeled, and weighed.  The bottles for anion analyses were also prepared by filling with 
approximately 30 mL of DI water and capped, labeled, and weighed. The bottles for metals 
analyses and were filled with 20 mL of DI water and 300 µL of concentrated nitric acid, capped, 
labeled, and weighed.  The mass of DI water added to each bottle was recorded for calculation of 
dilution factors of each sample.   
The peepers were recovered from the lake sediment on July 27, 2016 when the 
piezometers were sampled.  Peeper 1 had tipped over in the sediment, possibly due to 
accumulation of sludge.  Peeper 2 had remained upright and was located in the sediment using 
the attached string and carefully removed from the sediment.  Peeper 2 had three cells that 
remained above the sediment for the three weeks it was deployed.  After removal from the 
sediment and water column, the peeper was then put into a Ziploc bag that was purged with an 
argon tank and regulator in the kayak and kept inflated to avoid air from oxidizing the water 
samples.  Once the peeper was returned to the lake shore, the cells were sampled by puncturing 
the membrane with a needle and drawing the water out with a syringe.  A 0.2-micron PES filter 
was then fitted onto the syringe and the filtered water was pushed into sample bottles.  Samples 
were extracted expeditiously from the peeper to minimize oxidation of the water in the cells.  All 
sample bottles were later weighed in the lab to determine dilution factors.    
 
  
15 
 
2.1.3 Tailings Slurry Sample 
A bulk 5-gallon sample of tailings slurry was collected from the discharge end of the pipe 
at the tailings lake on August 1, 2016 by Mark Thompson at MR.  The solids in the bulk sample 
were allowed to settle out of solution and the liquid was decanted off, filtered to 0.2 mm, and 
submitted to the MBMG Analytical Lab for chemical analysis, along with the peeper and 
piezometer samples.  The slurry sample was then stirred in the bucket in order to collect a 
smaller representative solids sample for chemical and acid-base accounting. 
 
2.1.4  Lake Sediment Core Samples 
At the two piezometer locations where peepers were deployed, core samples were 
collected of the lake sediment on July 6, 2016.  The core samples were collected by pushing a 4-
ft. long clear plastic Geoprobe sample tube down into the lake sediment from the inflatable 
kayak, capping the top of the tube, and then pulling the tube back out of the sediment and 
capping the bottom end.  The sample tubes, which contained approximately 3 feet of wet sludge, 
were put into a chest freezer after returning to the lab.  At the first piezometer location, a firm 
layer of crust approximately 3 inches thick was observed when collecting the core sample. This 
core showed more layering so the sample was cut with a hacksaw after freezing and separate 
sediment samples were processed and submitted from location 1.  Location 2 did not have as 
firm of a crust on top of the lake sediment and less layering was observed in the core sample, so 
only one sediment sample was collected and processed from this core. 
After cutting core samples and separating to get a representative layer, the sediment and 
water were allowed to thaw out and the slurry was poured into glass funnels lined with filter 
paper.  The sediment was rinsed with DI water and the sediment was removed from the funnels 
in the filter paper which was placed in an oven at 50°C overnight to dry.  The dried sediment 
was then broken up in a mortar and pestle to break up the dried pieces and then placed in Ziploc 
bags.  The sediment samples were taken to MSE Laboratory in Butte, Montana for pH by 
saturation extract, total quant metals analysis by ICP-MS with an EPA total recoverable hot acid 
digestion, and acid-base accounting (ABA) with acid generating potential, neutralization 
potential, and total sulfur analyses.  The ABA analyses can indicate whether the sediment would 
produce acid if it was fully oxidized. 
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A sample of the partly cemented surface layer of the sediment at location 1 was analyzed 
by X-ray diffraction (XRD) to confirm the presence of calcite.  The instrument used was an 
Olympus Terra portable XRD, with a cobalt source.   
 
2.2.  Laboratory and Analytical Methods 
2.2.1.  Field Parameters 
Physical parameters, including temperature, DO, pH, specific conductance (SC), and 
oxidation-reduction potential (ORP) were measured at each of the piezometer and peeper 
locations with a Hach MiniSonde 5 (MS5).  The MS5 was calibrated in the lab within 24 hours 
of sampling.  Physical parameters were also collected by Hydrometrics during their semiannual 
sampling events and data are included in Appendix A.  The SWL was measured in each of the 
piezometers using a Solinst water level indicator to determine the groundwater head gradient in 
the sediment pore water.      
 
2.2.2.  Chemical Analyses at MBMG lab 
 Samples collected from the piezometers and the peeper cells were submitted to the 
analytical lab at the MBMG for dissolved metals analysis by Inductively Coupled Plasma-
Optical Emissions Spectroscopy (ICP-OES) and inductively Coupled Plasma – Mass 
Spectroscopy (ICP-MS) using a Thermo ICP-Q and EPA Method 200.8.  Anion samples were 
also analyzed by the MBMG Lab using Ion Chromatography (IC) and EPA Method 300.0.   
 
2.2.3.  Water Isotopes 
 Samples collected by Hydrometrics for water isotopes were analyzed at the MBMG 
Analytical Lab with a Picarro L2130-i analyzer that uses Cavity Ring-Down Spectroscopy 
(CRDS).  Calibration was performed using USGS standards.  The results are reported in units of 
parts per thousand (per mil, or ‰) relative to the Vienna Standard Mean Ocean Water 
(VSMOW) isotopic standard.  Estimated uncertainty is ± 1‰ for δD and ± 0.2‰ for δ18O.   
  
2.2.4.  Sulfate Isotopes 
Dissolved water samples were collected for sulfate isotopes by Hydrometrics during the 
semiannual sampling events in the fall of 2015 and spring of 2016.  Samples were filtered 
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through 0.45-µm filters and collected in 500-mL HDPE bottles with zero head space.  Samples 
were selected for sulfate isotope analyses based on sulfate concentration results obtained from 
each sampling event.  The samples were prepared in the MBMG Hydrology Lab using the barite 
precipitation method following the procedures of Carmody et al. (1998).  Dissolved samples 
were weighed and the pH was then adjusted to <4 using concentrated hydrochloric acid.  The 
sample was then placed on a heated stir plate on low heat and stirred while 3x excess barium 
chloride (BaCl2) was added to the sample to precipitate barium sulfate (BaSO4) solids.  The 
sample was then cooled, filtered, and rinsed with DI water.  The solids were collected on filter 
paper disks, which were then dried in an oven overnight at 50°C and weighed to determine the 
mass of BaSO4 produced.  The analyses of sulfate isotopes were performed at the University of 
Nevada-Reno using a Micromass IsoPrime stable isotope ratio mass spectrometer (IRMS).  The 
results are reported in units of parts per thousand (per mil, or ‰) relative to the Vienna Canyon 
Diablo Troilite (VCDT) isotopic standard, and have estimated uncertainties of ± 0.1 ‰ for δ34S-
sulfate and ± 0.2 ‰ for δ18O-sulfate.  
 
2.2.5 Spectroscopy  
 Analyses for alkalinity, ammonia, and soluble reactive phosphate (SRP) were performed 
by the author at Montana Tech.  Alkalinity was measured by adding the raw, unfiltered sample 
water to an Erlenmeyer flask and diluting with DI water to a final volume of 100 mL, recording 
the dilution factor.  A HACH indicator dye powder packet was then added to the sample and 
stirred on a magnetic stir plate.  The samples were then titrated to pH 4.5 using a HACH digital 
titrator with 0.16 N surfuric acid (H2SO4).  The alkalinity of the DI water was determined, and 
this value was subtracted from the peeper samples.  Samples for phosphate analysis were 
prepared by adding approximately 5 mL of filtered sample water to glass Test-N-Tube vials.  A 
PhosVer 3 Phosphate Powder Pillow reagent packet had been added in the field to stabilize the 
phosphate.  The phosphate was analyzed using the molybdate blue HACH Method 8048, which 
has an approximate detection limit of 0.01 mg/L (as P).  The final diluted samples were re-
weighed to calculate the dilution factor for each sample.  Ammonia was also analyzed in the lab 
immediately upon arriving at MT Tech after the field.  Approximately 5 mL of filtered sample 
water was added to the prepared bottles and HACH Method 8308 (Nessler Method) to determine 
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the ammonia concentration.  The bottles were then re-weighed to determine the dilution factor 
for each sample.   
 
3. Results 
3.1  Summary of Hydrometrics Data 
 All field and laboratory data relevant to this project can be found in Appendix A and 
Appendix B.  A summary of concentrations of selected constituents in the tailings lake and 
background wells is shown below in Table 2.   The background well concentrations were 
determined by calculating an average of all residential and monitoring wells for each constituent 
in the study area.  The tailings lake has strongly alkaline pH (> 9.5) and because of this it has 
relatively low concentrations of most trace metals.  Exceptions include molybdenum (Mo) and 
tungsten (W), both of which are much higher in concentration in the lake compared to 
background groundwater.  Other differences are discussed in more detail below.   
 
3.1.1  Major Solutes 
 A Piper diagram is a graphical representation of the major ion chemistry in water 
samples.  Piper diagrams were created using The Geochemist’s Workbench® software from 
Aqueous Solutions, LLC.  The Piper diagrams for residential and monitoring well and surface 
water samples are shown in Figures 5 to 7 below.  The background water samples have a major 
ion chemistry dominated by Ca-HCO3, with slightly elevated SO4 in some samples.  The samples 
from the tailings lake however plot at the far end of the scale for Ca and SO4.  The tailings lake 
has a pH of 9.8-10.2, so many of the metals in the lake water exist as solid precipitates and are 
not dissolved.    Box and whisker plots were created for pH and total dissolved solids (TDS) for 
each semi-annual sampling event and are shown in Figures 8 to 11 below.  The median value for 
each parameter is shown by the horizontal center line of each box and the top and bottom 
horizontal lines of the box represent the 75th and 25th percentile values, respectively.  The top and 
bottom vertical lines are drawn out to the 95th and 5th percentile values, respectively.  The 
asterisks denote outlier values.   
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Table 2. Summary of tailings lake water versus background groundwater chemistry 
Sample pH SC (µS/cm) 
TDS 
(mg/L) 
Chloride 
(mg/L) 
Fluoride 
(mg/L) 
Sulfate 
(mg/L) 
Alkalinity 
(mg/L as CaCO3) 
Bicarbonate 
(mg/L as HCO3) 
Carbonate 
(mg/L CO3) 
Tailings 
Lake 9.89 2,122 1,935 9.0 1.6 1,215 35.5 9 7.2 
Background 
Groundwater 7.24 306 211 7.6 0.14 51.6 98.9 119.2 0.0 
 
Sample As 
(mg/L) 
Ca 
(mg/L) 
Cu 
(mg/L) 
Fe 
(mg/L) 
K 
(mg/L) 
Mg 
(mg/L) 
Mn 
(mg/L) 
Mo 
(mg/L) 
Na 
(mg/L) 
W 
(mg/L) 
U 
(mg/L) 
Zn 
(mg/L) 
Tailings 
Lake 0.004 444 0.0115 0.05 36.0 1.00 0.00 1.02 90 0.0383 0.0004 0.00 
Background 
Groundwater 0.013 42.0 0.0108 0.30 3.59 8.08 0.09 0.0038 9.7 0.0004 0.017 0.024 
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Fig. 5. Residential Well Piper Diagrams for 2015 (l) and 2016 (r). 
 
 
 
Fig. 6. Monitoring Well Piper Diagrams for 2015 (l) and 2016 (r). 
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Figure 7. Surface Water Piper Diagrams for 2015 (l) and 2016 (r). Samples for the tailings lake 
and slurry are shown by red triangles. 
 
 
 
Figure 8. Box and Whisker plot for 2015 pH results 
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Figure 9. Box and Whisker plot for 2015 TDS results. 
 
 
Figure 10. Box and Whisker plot for 2016 pH results. 
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Figure 11. Box and Whisker plot for 2016 TDS results. 
 
3.1.2.  Trace Elements  
The concentrations of certain trace elements, including molybdenum, and tungsten, were 
higher in the tailings slurry and tailings lake samples as compared to the residential and 
monitoring wells.  On the other hand, the groundwater samples often had higher concentrations 
of other trace metals compared to the tailings lake, including arsenic, iron, manganese, and 
uranium.  The Maximum Contaminant Level (MCL), or primary drinking water standard for 
arsenic is 10 µg/L.  There were 10 exceedances of the arsenic drinking water standard in 
residential wells in the fall of 2015 and 9 in the spring of 2016 sampling events.  The arsenic 
concentrations in the tailings lake were 5 µg/L in the fall of 2015 and 4 µg/L in the spring of 
2016.  The primary drinking water standard for antimony is 6 µg/L.  There was only one 
exceedance of the antimony drinking water standard in each sampling event at the same well.  
The antimony concentrations in the tailings lake in the fall of 2015 and spring of 2016 were 
below detection.  The primary drinking water standard for uranium is 30 µg/L.  Four residential 
wells exceeded the drinking water standard for uranium in the fall of 2015.  The same four wells 
plus one other well exceeded the uranium standard in the spring of 2016.  The average uranium 
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concentrations in the tailings lake were 0.25 µg/L in the fall of 2015 and 0.4 µg/L in the spring 
of 2016. 
The secondary maximum contaminant level for iron is 0.3 mg/L and samples above this 
level can affect the color and taste but do not pose a health risk.  One residential well exceeded 
the secondary drinking water standard for iron in both sampling events.  Two residential wells 
exceeded the drinking water standard for iron in the spring of 2016.  The average concentrations 
of iron in the tailings lake were 0.07 mg/L in the fall of 2015, and 0.05 mg/L in the spring of 
2016.  The secondary drinking water standard for manganese is 0.05 mg/L and can also affect 
color and taste but not human health. Two residential wells exceeded the manganese drinking 
water standard in the fall of 2015.  The same two wells exceeded the manganese standard in the 
spring of 2016 as well as three other wells.  The average manganese concentrations in the 
tailings lake were below detection in the fall of 2015 and spring of 2016.      
 Uranium drinking water exceedances are not uncommon in wells completed in the 
Boulder batholith and higher or lower concentrations are a product of natural variability in the 
Butte pluton (Caldwell et. al., 2014).  Higher sulfate concentrations and a majority of the arsenic 
exceedances are found in the southern end of the study area, which corresponds to greater 
mineralization of the geology in the same area and closer proximity to dispersion of 
contaminants from historic mining and smelting operations in Butte (Taylor et al., 1984).  High 
iron concentrations could be caused by steel well casings and thus are not necessarily caused by 
the geology.   
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Figure 14. 2015 Concentrations of selected solutes in residential wells
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Figure 15. 2015 Concentrations of selected solutes in monitoring wells 
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Figure 16. 2015 Concentrations of selected solutes in surface water 
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Figure 17. 2016 Concentrations of selected solutes in residential wells 
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Figure 18. 2016 Concentrations of selected solutes in monitoring wells 
0.0001
0.001
0.01
0.1
1
10
100
M
W
-1
5-
08
M
W
-1
5-
07
M
W
-1
2-
13
M
W
-1
2-
17
M
W
-1
2-
14
M
W
-1
2-
11
M
W
-1
5-
04
M
W
-1
2-
12
M
W
-1
5-
09
M
W
-1
2-
18
M
W
-1
5-
05
M
W
-1
5-
02
M
W
-1
2-
15
M
W
-1
2-
16
M
W
-1
5-
03
M
W
-1
5-
13
M
W
-1
5-
12
M
W
-1
5-
10
M
W
-1
5-
11
M
W
-1
5-
01
M
W
-1
5-
06
Lo
g 
Co
nc
en
tr
at
io
n 
(m
g/
L)
Fluoride (mg/L) Sulfate (mg/L) Arsenic (mg/L) Molybdenum (mg/L) Tungsten (mg/L)
30 
 
 
Figure 19. 2016 Concentrations of selected solutes in surface water 
 
3.2  Water Isotopes 
 Stable isotope data for O and H in water from residential and monitoring wells and 
surface water samples can be found in Appendix C and Figures 20 and 21 below.  As would be 
expected, the tailings lake samples showed the most evidence of evaporation (Pellicori et al., 
2005; Gammons et al., 2006).  In contrast, most of the residential and monitoring wells plotted 
close to the local meteoric water line (LMWL) for Butte, Montana (Gammons et al., 2006) and 
showed minimal evaporation.  Water in residential and monitoring wells probably originated 
from snowmelt and precipitation as rain.  Water in the tailings lake is a mixture of surface 
tributaries, influent groundwater, precipitation, as well as water discharged from the active mill 
as tailings.  The latter is a combination of decanted tailings lake water, recycled Horseshoe Bend 
spring water and makeup water sourced from Silver Lake west of Anaconda.  A comparison of 
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was more evaporated when the mine was inactive during 2000-2003.  The water isotope results 
from that 2005 study are shown on Figure 20 below for comparison.   
 
Figure 20. 2015 Water Isotope Results 
 
Surface water samples from the fall of 2015 generally show evidence of greater 
evaporation than samples from the spring of 2016.  This suggests that samples collected in the 
spring of 2016 represent surface water that more recently fell as precipitation.  Both sets of 
samples from the tailings lake plot relatively close together and thus the lake has less seasonal 
variability.  The samples from Yankee Doodle Creek were collected downstream of Moulton 
Reservoir and show greater evaporation than Dixie Creek or Silver Bow Creek.  Two of the 
surface water sites (OFGD-1 and BRCD-5) are springs which are representative of groundwater 
while the rest are surface water runoff; however these two samples plot apart with the BRCD-5 
sample showing less evaporation.  The two sample sites are spatially close together with OFGD-
1 a spring at the uppermost site in Orofino Gulch and BRCD-5 a spring just north of that in Bull 
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Run Gulch which contributes the majority of the flow in that drainage.  The residential well 
samples that show the most evaporation (GWIC ID#s 197462, 263277, 196757, 163566, and 
271536) are all located on the southern end of the ridge area where water levels are higher and 
could be the result of a shallower source of groundwater recharge. 
 
 
 
 Figure 21. 2016 Water Isotope Results 
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were analyzed for sulfate isotopes ranged from 43 to 162 mg/L.  Water samples from the tailings 
lake and the tailings slurry had sulfate concentrations ranging from 1,180 to 1,428 mg/L.  Figure 
22 plots the isotopic composition sulfate-O (δ18O, ‰) versus sulfate-S (δ34S, ‰) values.  The 
δ18O values from the residential and monitoring wells fell within the range of -6.0‰ to 0‰.  The 
δ18O values from the lake water and the slurry were approximately -14.0‰.  All δ34S values from 
groundwater samples ranged from 1.9‰ to 3.2‰ with the exception of GWIC ID#197462, 
which was +8.6‰.  The surface water δ34S values from OFGD-1 and OFGD-3 were +7.6‰ and 
+10.6‰, respectively.  Sulfate isotope results can be found in Appendix D.  The δ34S values 
from the lake were approximately +2.0‰, similar to the results from the groundwater samples.  
These results indicate that δ18O of sulfate would be a much better chemical tracer than δ34S of 
sulfate.  Figure 23 shows δ18O of sulfate plotted versus the sulfate concentrations of those 
samples.  The isotopic data for sulfate are discussed in more detail in Section 4.   
 
Table 3. Sulfate Isotope Results 
 
Site Name Sulfate 
(mg/L) 
Sulfate-δ34S 
(‰, VCDT) 
Sulfate-δ18O 
(‰, VSMOW) 
MR Tailings Slurry 1428 +1.9 -14.2 
MW-12-15 221 +3.2 -2.2 
MW-12-11 46 +2.8 -1.7 
MW-12-16 97 +2.6 +0.2 
MW-15-09 43 +2.6 -0.8 
MW-15-11 45 +3.1 -1.3 
YDTI-NE 1200 +1.9 -14.2 
YDTI-NW 1210 +1.9 -13.8 
GWIC ID# 195757 95 +2.6 -6.0 
GWIC ID# 271536 114 +2.9 -4.2 
GWIC ID# 189408 109 +1.9 -1.8 
GWIC ID# 197462 156 +8.6 -5.0 
GWIC ID# 197462-DUP 150 +8.5 -5.2 
GWIC ID# 268805 92 +1.9 -2.6 
OFGD-3 146 +10.6 +1.9 
OFGD-1 162 +7.6 +1.9 
YDTI-NW 1180 +2.1 -14.0 
YDTI-NE 1250 +1.9 -14.2 
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Figure 22. δ18O of Sulfate versus δ34S of Sulfate  
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Figure 23. δ18O of Sulfate versus Sulfate Concentrations  
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tailings lakes (INAP, 2009).  This positive pressure in the pore water also has the potential to 
force water into fractures at the margins of the tailings lake.   
Trace metal and major ion and anion concentrations (Appendix B) in the piezometer 
samples were very similar to data from the peepers and lake water samples despite representing 
pore water several feet deeper in the sediment.  
 
Table 4. Piezometer Water Level Results 
Site Depth Into 
Sediment (ft) 
TOC-
Sediment (ft) 
TOC-
Pond (ft) 
SWL-
Inside (ft) 
SWL-
Pond (ft) 
Vertical 
dh/dl 
Vertical 
Gradient 
PZ-1 7.50 2.50 1.92 0.65 1.90 0.17 Upward 
PZ-2 6.04 3.96 2.00 1.20 1.62 0.07 Upward 
PZ-3 7.00 3.00 0.92 0.00 0.70 0.10 Upward 
PZ-4 7.33 2.67 1.58 0.65 1.57 0.13 Upward 
PZ-5 6.67 3.33 1.58 1.20 1.62 0.06 Upward 
  
3.6  Acid-Base Accounting (ABA)  
 Tables 5 and 6 below and Appendix E show results from ABA analyses performed on the 
sediment cores collected from the peeper locations as well as the tailings slurry.  Table 5 
summarizes results of the speciated sulfur analysis for each sample, while Table 6 gives the 
computed acid-generating potential (AP) and acid-neutralizing potential (NP).  Typically, the AP 
value is computed from the wt % of total S in the rock.  However, this assumes that all of the S 
in the rock is pyrite-S.  As shown in Table 5, a significant fraction of the total S is present as 
other species, for example, sulfate-S.   A more accurate method of predicting the acid-generating 
potential is to compute the sulfide-AP (or SAP) based on the wt% of pyritic-S + HCl-soluble-S 
(“HCl-soluble S” includes certain sulfide minerals that can be dissolved in HCl, such as many of 
the Cu- and Zn-sulfides).  The NP value is measured separately in the lab and is a measure of the 
amount of carbonates and other acid-neutralizing minerals in the rock.    
The conventional method for expressing the overall acid-base characteristics of a rock 
sample is by subtracting the AP from the NP to compute the net neutralizing potential, or NNP.  
Likewise, one can subtract SAP from NP, to compute NNP*, the net neutralizing potential based 
on the fraction of the total S in the rock that is pyrite or HCl-soluble S.   A negative NNP or 
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NNP* value indicates a potentially acid-generating waste rock.  Units of NP and AP are 
expressed in tons of calcium carbonate (CaCO3) per thousand tons of waste rock.  The NNP 
values for lake sediment and slurry samples ranged from -22.1 to -41.4 t CaCO3/1000 t (Table 5).  
When SAP is used instead of AP, the NNP* values are somewhat higher (-11.7 to -32.7 t 
CaCO3/1000 t), but still negative.  This indicates that all of the samples are potentially acid-
generating if they were allowed to completely oxidize.  The neutralizing potential ratio (NPR) is 
the ratio of NP over AP (likewise, NPR* = NP/SAP).   In the mining industry, values of NPR > 3 
are typically considered “non acid-generating” whereas values < 1 are considered “potentially 
acid-generating”.   The values of NPR and NPR* in this study ranged from 0.07 to 0.38, and 0.09 
to 0.57, respectively.  Again, these results indicate that the tailings sediment and slurry are likely 
to produce acid in the event that conditions are favorable to oxidation.  Presently, the tailings are 
submerged in the lake and are therefore prevented from oxidizing.  Complete results of 
sediment-metals concentrations and ABA analyses can be found in Appendix E.   
The neutralization potential in the Piezometer 1A sample could be higher because it was 
collected from the surface crust of the sediment and possibly contains calcite precipitated out of 
the water column of the lake.  Calcite could precipitate in the lake by dissolved calcium (Ca2+) 
combining with dissolved carbon dioxide gas (CO2) and hydroxide ions (OH-) in the strongly 
alkaline lake water in the following reaction:  Ca2+ + CO2 (g) + 2OH- → CaCO3 (s) + H2O.  This 
reaction is driven to the right due to the high pH of the lake.  As CO2 diffuses into the lake from 
the air, it reacts with Ca2+ to form calcite.  This is the simplest explanation for why the lake 
sediment has a higher neutralization potential than the tailings slurry.  The presence of calcite in 
the shallow tailings-pond sediment in core sample #1 was confirmed by X-ray diffraction.  In 
addition, the same sample fizzed when dilute HCl was added.  
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Table 5. Sediment-Sulfur Speciation Results 
Sample ID Insoluble S 
HCl  
extractable, % 
Pyritic S 
HNO3 
extractable, % 
Residual S 
non-
extractable, % 
Sulfate S 
water soluble, % 
 
Total S 
(%) 
 
Piezometer 1A 0.09 0.78 ND 0.44 1.31 
Piezometer 1B 0.16 0.87 ND 0.30 1.33 
Piezometer 2 0.06 0.53 0.02 0.28 0.89 
Raw Slurry 0.27 0.88 ND 0.27 1.43 
 
 
Table 6. Sediment Acid-Base Accounting Results 
Sample ID Paste pH 
AP SAP NP NNP NNP* 
NPR NPR* ton CaCO3/1000 ton rock 
Piezometer 1A 8.18 41.0 27.2 15.5 -25.5 -11.7 0.38 0.57 
Piezometer 1B 8.61 41.6 32.1 4.45 -37.2 -27.7 0.11 0.14 
Piezometer 2 8.56 27.9 18.4 5.79 -22.1 -12.6 0.21 0.31 
Raw Slurry 8.47 44.6 35.9 3.23 -41.4 -32.7 0.07 0.09 
AP = Acid generating potential based on total S analysis; SAP = sulfide acid generating potential based 
on sum of pyritic-S and insoluble-S; NP = neutralizing potential; NNP = net neutralizing potential (= NP 
– AP); NNP* = net neutralizing potential based on SAP (= NP – SAP); NPR = neutralizing potential ratio 
(= NP/AP); NPR* = neutralizing potential ratio based on SAP (= NP/SAP).   
 
 
4. Discussion 
4.1  Sulfate Isotope Tracers 
 Because the tailings lake has sulfate concentrations and δ18O-sulfate values distinct from 
the nearby aquifer that the residential wells are completed into, these constituents were chosen as 
chemical tracers (see also Gammons et al., 2013).  In order to determine the effects of mixing 
between the two distinct water types of the tailings lake and wells, mixing calculations were 
done first for sulfate concentrations with equation (1): XA·A + XB·B = C, where XA represents 
the fraction of water from the background groundwater, A represents the average sulfate 
concentration in the background groundwater, XB represents the fraction of water from the lake, 
B represents the sulfate concentration in the lake (see Table 7), and C represents the resulting 
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concentration in a well after mixing.  The C values of sulfate concentration were calculated for 
XA and XB fractions from 1 to 0 in increments of 0.01, or 1%.  Multiplying the fraction of water 
from the wells XA by the average sulfate concentration in the wells (106 mg/L) gives the 
concentration of sulfate for each fraction from the wells from 1 to 0.    Multiplying the fraction of 
water from the lake XB by the average sulfate concentration in the lake (1,205 mg/L) gives the 
concentration of sulfate for each fraction from the lake from 1 to 0.  A sample of average well 
water with no lake water mixed would have a concentration of 106 mg/L, but a sample of well 
water with 1% lake water would have a sulfate contribution from the groundwater of 105.1 mg/L 
and a sulfate contribution from the lake of 12.1 mg/L for a total sulfate concentration of 117.2 
mg/L as shown on Figure 24 below.   
 
Table 7. Endmembers used for the sulfate mixing calculations   
Sulfate concentration, mg/L δ18O of sulfate, ‰ 
A (groundwater) B (lake) A (groundwater) B (lake) 
106 1,205 -2.8 -14.0 
 
The resulting fraction of sulfate in a well XA-sulfate for each percent increase in the fraction of lake 
water in the well is the sulfate concentration in the well divided by the total sulfate concentration 
in the well.  Likewise, the fraction of sulfate in the well XB-sulfate from lake water is 1- XA-sulfate.  
A sample of well water with no sulfate from the lake will have an XA-sulfate value of 1 and an XB-
sulfate value of 0, but a sample of well water with 1% lake water will have an XA-sulfate value of 
0.897 and an XB-sulfate value of 0.103 and so on up to 99% lake water in a well sample with an 
XA-sulfate value of 0.001 and a XB-sulfate value of 0.999.    
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Figure 24. Sulfate Concentration Mixing Line.   
 
Simlarly, equation (2) for mixing of 18O of sulfate was used as follows: XA-sulfate·δ18OA + XB-
sulfate·δ18OB = δ18OC with XA representing the fraction of sulfate in water from the background 
groundwater and equal to 1 - XB, δ18OA representing the average δ18O values of sulfate in 
background groundwater, XB represents the fraction of sulfate in water from the lake, δ18OB 
representing the δ18O value of sulfate in the lake, and δ18OC represents the resulting δ18O value of 
sulfate in a well after mixing.  The δ18OC values were calculated for XA-sulfate and XB-sulfate values 
in increments of 0.01 from 0 to 1.   The resulting δ18OC values from equation (2) were plotted 
versus the sulfate C values from equation (1) for mixing between the two water types along with 
the sulfate and δ18O values from the samples and is shown in Figure 25. 
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Figure 25. δ18O of Sulfate Mixing Line 
 
Figure 25 shows that even at low percentages (1-3%) of lake water mixing into background 
groundwater, significant changes in the δ18O of sulfate result in the mixed well water.  The δ18O 
of sulfate value for well water decreases from -2.8‰ with no lake water mixed to -3.9‰ with 
only 1% lake water, -4.9‰ with 2% lake water, and -5.7‰ with 3% lake water mixed.  Sulfate 
concentrations increased with low percentages of lake water mixing with average well water, but 
to a smaller degree.  The sulfate concentration for average well water increases from 106.2 mg/L 
with no lake water mixed to 117.2 mg/L with 1% lake water, 128.2 mg/L with 2% lake water, 
and 139.1 mg/L with 3% lake water mixed. 
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5. Conclusions & Recommendations 
5.1. Conclusions 
• The Yankee Doodle tailings pond has high pH (> 9), high total dissolved solids (2,000 
mg/L), and relatively low concentrations of most dissolved trace metals and metalloids.   
Copper, molybdenum, and tungsten concentrations are slightly elevated, at around 0.01 
mg/L, 1 mg/L, and 0.04 mg/L, respectively.  Concentrations of dissolved arsenic, lead, 
and zinc in the lake are below detection.  The major ion chemistry is dominated by Ca2+ 
(around 450 mg/L) and SO42- (around 1200 mg/L). 
• Based on sediment-pore water and piezometer sampling, the chemistry of the lake water 
does not change significantly with depth as it is buried by subsequent layers, at least to a 
depth of 7 feet.   
• Sediment in the lake has higher neutralization potential than suspended solids in the 
tailings slurry itself.  This is believed to be due to precipitation of calcite as CO2 in the 
atmosphere diffuses into the high-pH lake water.  However, acid-base accounting shows 
that the sediment in the tailings lake still has the potential to generate acid leachate if it is 
allowed to drain and oxidize.   
• Water in the tailings lake is partly evaporated based on an enrichment in 18O and 2H 
isotopes relative to background groundwater.  However, previous work shows that the 
degree of isotopic enrichment in the lake is currently much less compared to the early 
2000’s, when the mine and mill were inactive.  This means that water isotopes are not a 
sensitive tracer for leakage of tailings water into groundwater.   
• Whereas the S-isotope compositions of dissolved sulfate in the tailings lake and 
surrounding groundwater are similar, the O-isotope composition of sulfate is very 
different.  The fact that sulfate in the lake has a much higher concentration and a distinct 
O-isotope signature makes δ18O-sulfate a sensitive tracer for tracking leakage of tailings 
water.  If a given well shows an increase in sulfate concentration but does not show any 
change in δ18O of sulfate, then the increase in sulfate concentration is probably not due to 
leakage of water from the lake.   
• Mixing calculations show that δ18O-sulfate can be used to estimate the percentage of 
tailings-lake water mixed into background groundwater when the percentage of lake 
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water is small (< 30%).  When the percentage is high (> 50%), as might be the case 
around the shoreline of the lake, sulfate concentration is a better tracer of mixing ratios.    
• Even if leakage of tailings water is suspected in the future, this does not necessarily mean 
that water quality in nearby domestic wells will be impaired.  This is because the tailings 
water has very low concentrations of contaminants of concern, with the possible 
exception of molybdenum and sulfate.  Although molybdenum itself could be used as a 
tracer, it is problematic to assume that dissolved Mo will behave conservatively along a 
groundwater flow path.  For example, it is possible that dissolved MoO42- would adsorb 
onto mineral surfaces if the pH of the lake water were to drop back towards neutral, 
which is the case for most of the groundwater wells in the area.   
 
5.2. Recommendations 
This study has demonstrated the potential of sulfate-O isotopes to track leakage of tailings 
water into background groundwater.  However, the following recommendations would enhance 
the reliability of this method, looking to the future: 
• Collect sulfate isotope samples from the same locations for several consecutive semi-
annual events to determine if there is seasonal variation at these locations.  If seasonal 
variations are small or non-existent in a given well, then it can be assumed that the 
background sulfate concentration and isotopic composition of that particular well is 
not time-dependent.   In this case, the well can be used as a “sentinel well” to trace 
possible future leakage scenarios.   
• Although sentinel wells may not show changes in concentration or isotopic 
composition of sulfate over time, each well likely will have its own distinct SO4 
signature.  For this reason, it is best to develop theoretical mixing lines for each 
individual sentinel well, rather than taking an average of the well-water values to 
compute a background endmember in the mixing calculations. 
Also, any final closure plan for the tailings impoundment should take into account the possibility 
of acidic drainage if the lake sediment is allowed to oxidize. 
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Site Date pH Specific Conductance Dissolved Oxygen Temperature
(s.u.) (µS/cm) (mg/L) (°C)
GWIC ID# 196757 10/14/2015 7.5 453 1.69 8.2
GWIC ID# 51010 10/14/2015 7.24 305.2 7.24 7.4
GWIC ID# 199357 10/14/2015 6.92 269.9 4.95 7.2
GWIC ID# 145971 10/15/2015 6.97 248.1 2.02 8.1
GWIC ID#190732 10/15/2015 7.48 277 4.68 6.7
GWIC ID# 271908 10/15/2015 8.36 244.1 2 7.6
GWIC ID# 271908 - DUP 10/15/2015 -- -- -- --
GWIC ID# 221129 10/15/2015 8.02 318.4 6.2 6.9
GWIC ID# 271536 10/15/2015 7.59 500.6 1.66 8.1
GWIC ID# 189408 10/16/2015 7.13 429.9 10.66 8.6
GWIC ID# 163566 10/16/2015 8.12 351.3 0.82 8.9
GWIC ID# 124175 10/16/2015 -- -- -- --
GWIC ID# 50991 10/20/2015 6.15 132.9 5.14 7
GWIC ID# 269126 10/20/2015 7.4 295.8 3.68 8.2
GWIC ID# 183655 10/20/2015 6.48 185 8.11 6.9
GWIC ID# 51031 10/20/2015 6.37 261.9 4.75 5.8
GWIC ID# 227189 10/20/2015 7.54 301.4 1.41 7.6
GWIC ID# 197462 10/21/2015 7.35 606.4 2.32 8.4
GWIC ID# 197462 - DUP 10/21/2015 -- -- -- --
GWIC ID# 263277 10/21/2015 7.77 525.8 0.34 8
GWIC ID# 158789 10/21/2015 8 315.8 0.5 7.9
GWIC ID# 268805 10/21/2015 7.69 453.3 2.43 8.6
GWIC ID# 153761 10/23/2015 8.05 360.3 0.32 8.6
GWIC ID# 267009 10/23/2015 6.9 327.3 0.11 7.1
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Site Alkalinity Bicarbonate TDS TSS Chloride
(mg/L Total as CaCO3) (mg/L as HCO3) (mg/L) (mg/L) (mg/L)
GWIC ID# 196757 130 150 291 <10 4
GWIC ID# 51010 110 140 206 17 1
GWIC ID# 199357 100 120 185 <10 1
GWIC ID# 145971 87 110 176 <10 2
GWIC ID#190732 90 110 184 <10 9
GWIC ID# 271908 81 99 163 <10 5
GWIC ID# 271908 - DUP 82 99 157 <10 5
GWIC ID# 221129 120 150 208 <10 3
GWIC ID# 271536 120 140 321 <10 14
GWIC ID# 189408 98 120 283 15 7
GWIC ID# 163566 78 94 213 <10 5
GWIC ID# 124175 140 170 237 245 9
GWIC ID# 50991 34 41 124 <10 <1
GWIC ID# 269126 110 130 176 <10 3
GWIC ID# 183655 47 57 136 <10 2
GWIC ID# 51031 80 97 172 <10 3
GWIC ID# 227189 98 120 177 16 4
GWIC ID# 197462 110 130 352 <10 4
GWIC ID# 197462 - DUP 110 130 348 <10 4
GWIC ID# 263277 160 190 305 <10 20
GWIC ID# 158789 120 150 183 <10 3
GWIC ID# 268805 94 110 262 <10 16
GWIC ID# 153761 82 100 231 <10 11
GWIC ID# 267009 82 100 214 <10 3
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Site Fluoride Sulfate Aluminum Antimony Arsenic Boron
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 196757 0.1 95 <0.005 <0.0005 0.039 <0.1
GWIC ID# 51010 0.1 37 <0.005 <0.0005 0.003 <0.1
GWIC ID# 199357 0.1 29 <0.005 <0.0005 0.003 <0.1
GWIC ID# 145971 <0.1 32 <0.005 <0.0005 0.001 <0.1
GWIC ID#190732 <0.1 25 <0.005 0.0007 0.006 <0.1
GWIC ID# 271908 0.1 24 <0.005 0.0006 0.015 <0.1
GWIC ID# 271908 - DUP 0.1 24 <0.005 0.0006 0.014 <0.1
GWIC ID# 221129 <0.1 35 <0.005 0.0009 0.004 <0.1
GWIC ID# 271536 0.2 114 <0.005 0.001 0.003 <0.1
GWIC ID# 189408 0.1 109 <0.005 0.0011 0.021 <0.1
GWIC ID# 163566 0.1 85 <0.005 0.0081 0.006 <0.1
GWIC ID# 124175 0.1 36 0.014 0.0019 0.027 <0.1
GWIC ID# 50991 <0.1 22 0.307 <0.0005 0.005 <0.1
GWIC ID# 269126 <0.1 32 <0.005 <0.0005 0.003 <0.1
GWIC ID# 183655 <0.1 33 0.089 <0.0005 0.009 <0.1
GWIC ID# 51031 <0.1 38 0.011 <0.0005 0.012 <0.1
GWIC ID# 227189 0.2 43 <0.005 <0.0005 0.011 <0.1
GWIC ID# 197462 <0.1 156 <0.005 <0.0005 0.002 <0.1
GWIC ID# 197462 - DUP <0.1 150 <0.005 <0.0005 0.002 <0.1
GWIC ID# 263277 0.2 79 <0.005 <0.0005 0.194 <0.1
GWIC ID# 158789 0.1 31 <0.005 0.0007 0.035 <0.1
GWIC ID# 268805 0.2 92 <0.005 0.0012 0.018 <0.1
GWIC ID# 153761 0.3 68 <0.005 <0.0005 0.004 <0.1
GWIC ID# 267009 0.2 67 <0.005 0.0007 0.032 <0.1
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Site Cadmium Calcium Chromium Copper Iron Lead
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 196757 <0.00003 58 <0.001 0.003 <0.02 0.0003
GWIC ID# 51010 <0.00003 41 <0.001 0.005 <0.02 <0.0003
GWIC ID# 199357 <0.00003 39 <0.001 0.005 <0.02 <0.0003
GWIC ID# 145971 <0.00003 31 <0.001 0.103 <0.02 <0.0003
GWIC ID#190732 <0.00003 32 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 271908 <0.00003 28 <0.001 0.001 <0.02 <0.0003
GWIC ID# 271908 - DUP <0.00003 27 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 221129 <0.00003 47 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 271536 0.00017 70 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 189408 <0.00003 58 <0.001 0.027 <0.02 <0.0003
GWIC ID# 163566 <0.00003 48 <0.001 0.001 <0.02 <0.0003
GWIC ID# 124175 <0.00003 60 <0.001 0.002 <0.02 <0.0003
GWIC ID# 50991 <0.00003 12 <0.001 0.017 0.12 0.0003
GWIC ID# 269126 <0.00003 39 <0.001 0.002 <0.02 <0.0003
GWIC ID# 183655 <0.00003 16 <0.001 0.002 0.04 <0.0003
GWIC ID# 51031 <0.00003 28 <0.001 0.003 <0.02 <0.0003
GWIC ID# 227189 <0.00003 38 <0.001 0.004 <0.02 <0.0003
GWIC ID# 197462 <0.00003 73 <0.001 0.003 <0.02 <0.0003
GWIC ID# 197462 - DUP <0.00003 76 <0.001 0.002 <0.02 <0.0003
GWIC ID# 263277 <0.00003 71 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 158789 <0.00003 45 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 268805 <0.00003 61 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 153761 <0.00003 45 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 267009 <0.00003 42 <0.001 <0.001 0.43 <0.0003
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Site Lithium Magnesium Manganese Mercury Molybdenum Nickel
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 196757 <0.1 13 <0.01 <0.000005 0.0058 <0.002
GWIC ID# 51010 <0.1 8 0.01 <0.000005 0.0049 <0.002
GWIC ID# 199357 <0.1 5 <0.01 <0.000005 0.0024 <0.002
GWIC ID# 145971 <0.1 7 <0.01 <0.000005 0.0014 <0.002
GWIC ID#190732 <0.1 6 <0.01 <0.000005 0.0005 <0.002
GWIC ID# 271908 <0.1 2 <0.01 <0.000005 0.0016 <0.002
GWIC ID# 271908 - DUP <0.1 2 <0.01 <0.000005 0.0016 <0.002
GWIC ID# 221129 <0.1 6 <0.01 <0.000005 0.0009 <0.002
GWIC ID# 271536 <0.1 14 <0.01 <0.000005 0.0062 <0.002
GWIC ID# 189408 <0.1 11 <0.01 <0.000005 0.002 <0.002
GWIC ID# 163566 <0.1 9 <0.01 <0.000005 0.0051 <0.002
GWIC ID# 124175 <0.1 5 <0.01 <0.000005 0.0005 <0.002
GWIC ID# 50991 <0.1 4 <0.01 <0.000005 0.0002 <0.002
GWIC ID# 269126 <0.1 8 <0.01 <0.000005 0.0014 <0.002
GWIC ID# 183655 <0.1 6 <0.01 <0.000005 0.0003 <0.002
GWIC ID# 51031 <0.1 8 <0.01 <0.000005 0.0004 <0.002
GWIC ID# 227189 <0.1 9 <0.01 <0.000005 0.0049 <0.002
GWIC ID# 197462 <0.1 15 <0.01 <0.000005 0.0031 <0.002
GWIC ID# 197462 - DUP <0.1 17 <0.01 <0.000005 0.003 <0.002
GWIC ID# 263277 <0.1 15 0.07 <0.000005 0.0035 <0.002
GWIC ID# 158789 <0.1 6 0.01 <0.000005 0.0134 <0.002
GWIC ID# 268805 <0.1 4 0.01 <0.000005 0.0075 <0.002
GWIC ID# 153761 <0.1 7 <0.01 <0.000005 0.0056 <0.002
GWIC ID# 267009 <0.1 6 0.63 <0.000005 0.0125 <0.002
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Site Potassium Rubidium Selenium Silicon Silver Sodium
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 196757 4 0.0003 0.001 7.7 <0.0002 10
GWIC ID# 51010 3 0.0005 <0.001 10.3 <0.0002 8
GWIC ID# 199357 2 0.0001 <0.001 11.8 <0.0002 8
GWIC ID# 145971 3 0.0002 <0.001 12.2 <0.0002 9
GWIC ID#190732 2 0.0003 <0.001 12.8 <0.0002 14
GWIC ID# 271908 1 0.0008 <0.001 7.1 <0.0002 20
GWIC ID# 271908 - DUP 1 0.0008 <0.001 7.1 <0.0002 19
GWIC ID# 221129 2 0.0004 <0.001 8.3 <0.0002 9
GWIC ID# 271536 4 0.0017 <0.001 6.2 <0.0002 11
GWIC ID# 189408 4 0.0003 <0.001 10.4 <0.0002 11
GWIC ID# 163566 4 0.0004 0.002 5.9 <0.0002 7
GWIC ID# 124175 3 0.0014 0.002 8.7 <0.0002 11
GWIC ID# 50991 3 0.0008 <0.001 20.8 <0.0002 5
GWIC ID# 269126 2 0.0003 <0.001 8 <0.0002 8
GWIC ID# 183655 4 0.0006 <0.001 18.9 <0.0002 7
GWIC ID# 51031 5 0.0011 <0.001 16.4 <0.0002 9
GWIC ID# 227189 4 0.0014 <0.001 6.9 <0.0002 7
GWIC ID# 197462 5 0.0009 <0.001 7.4 <0.0002 10
GWIC ID# 197462 - DUP 5 0.0009 <0.001 7.5 <0.0002 10
GWIC ID# 263277 5 0.0014 <0.001 8.1 <0.0002 10
GWIC ID# 158789 4 0.0016 <0.001 6.7 <0.0002 10
GWIC ID# 268805 4 0.0018 0.004 5.4 <0.0002 20
GWIC ID# 153761 5 0.0008 <0.001 5.1 <0.0002 14
GWIC ID# 267009 3 0.0027 <0.001 6.8 <0.0002 9
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Site Strontium Thallium Tungsten Uranium Vanadium Zinc
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 196757 0.36 <0.0002 0.0002 0.0357 <0.1 0.012
GWIC ID# 51010 0.26 <0.0002 <0.0002 0.0061 <0.1 0.018
GWIC ID# 199357 0.25 <0.0002 <0.0002 0.007 <0.1 0.016
GWIC ID# 145971 0.17 <0.0002 <0.0002 0.0085 <0.1 <0.008
GWIC ID#190732 0.1 <0.0002 <0.0002 0.0085 <0.1 0.011
GWIC ID# 271908 0.15 <0.0002 0.0004 0.0064 <0.1 <0.008
GWIC ID# 271908 - DUP 0.15 <0.0002 0.0004 0.0064 <0.1 <0.008
GWIC ID# 221129 0.37 <0.0002 0.0002 0.0172 <0.1 <0.008
GWIC ID# 271536 0.13 <0.0002 <0.0002 0.0075 <0.1 0.022
GWIC ID# 189408 0.24 <0.0002 <0.0002 0.0073 <0.1 0.017
GWIC ID# 163566 0.17 <0.0002 <0.0002 0.0177 <0.1 <0.008
GWIC ID# 124175 0.64 <0.0002 <0.0002 0.094 <0.1 0.01
GWIC ID# 50991 0.05 <0.0002 <0.0002 0.0004 <0.1 <0.008
GWIC ID# 269126 0.29 <0.0002 <0.0002 0.0128 <0.1 <0.008
GWIC ID# 183655 0.11 <0.0002 <0.0002 0.0012 <0.1 <0.008
GWIC ID# 51031 0.18 <0.0002 <0.0002 0.0038 <0.1 0.051
GWIC ID# 227189 0.35 <0.0002 <0.0002 0.0052 <0.1 <0.008
GWIC ID# 197462 0.78 <0.0002 <0.0002 0.0345 <0.1 0.009
GWIC ID# 197462 - DUP 0.76 <0.0002 <0.0002 0.0358 <0.1 0.009
GWIC ID# 263277 0.95 <0.0002 <0.0002 0.0082 <0.1 0.009
GWIC ID# 158789 0.44 <0.0002 <0.0002 0.0380 <0.1 <0.008
GWIC ID# 268805 1.42 <0.0002 <0.0002 0.110 <0.1 <0.008
GWIC ID# 153761 0.88 <0.0002 0.0023 0.0138 <0.1 <0.008
GWIC ID# 267009 0.34 <0.0002 0.0005 0.0077 <0.1 0.009
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Site Date pH Specific Conductance Dissolved Oxygen Temperature
(s.u.) (µS/cm) (mg/L) (°C)
MW-12-15 10/26/2015 7.31 784 3.8 7.3
MW-12-13 10/27/2015 6.51 347 1.94 7.1
MW-12-17 10/27/2015 7.57 343 1.4 7.2
MW-12-14 10/27/2015 7.3 255 9.43 7.3
MW-12-12 10/27/2015 8.24 255 0.31 7.9
MW-12-12 DUP 10/27/2015 -- -- -- --
MW-12-11 10/27/2015 7.59 262 3.76 7.30
MW-12-16 10/28/2015 7.22 342 6.75 8.1
MW-15-09 10/28/2015 6.61 196 1.11 7.5
MW-15-08 10/29/2015 6.9 186 8.06 7.6
MW-15-10 10/29/2015 6.34 212 9.14 8.3
MW-15-11 10/29/2015 7.35 323 6.35 8.7
MW-15-12 10/29/2015 6.69 185 5.84 7.2
MW-15-13 10/30/2015 7.06 190 8.93 8.6
MW-15-07 10/30/2015 7.07 213 7.37 7.7
MW-15-03 11/2/2015 8.19 371 0.19 9.9
MW-15-02 11/2/2015 7.25 442 5.54 8.2
MW-15-02 DUP 11/2/2015 -- -- -- --
MW-15-05 11/2/2015 7.76 409 0.99 8.3
MW-12-18 11/5/2015 6.93 304 5.37 7.4
MW-15-01 11/5/2015 7.66 290 5.56 8.4
MW-15-04 11/5/2015 7.42 246 2.92 7.5
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Site Alkalinity Bicarbonate TDS TSS Chloride
(mg/L Total as CaCO3) (mg/L as HCO3) (mg/L) (mg/L) (mg/L)
MW-12-15 140 170 562 <10 15
MW-12-13 110 140 238 29 5
MW-12-17 120 140 223 <10 3
MW-12-14 81 98 177 <10 25
MW-12-12 86 100 161 <10 5
MW-12-12 DUP 86 100 163 <10 5
MW-12-11 92 110 184 <10 3
MW-12-16 70 85 263 12 6
MW-15-09 56 68 148 <10 1
MW-15-08 62 75 143 119 9
MW-15-10 48 57 185 13 1
MW-15-11 120 140 217 <10 2
MW-15-12 79 96 138 96 <1
MW-15-13 83 100 135 307 <1
MW-15-07 78 94 170 540 6
MW-15-03 120 140 238 10 5
MW-15-02 130 160 278 <10 54
MW-15-02 DUP 130 160 282 <10 56
MW-15-05 170 210 243 85 5
MW-12-18 93 110 203 <10 23
MW-15-01 76 92 204 <10 2
MW-15-04 72 87 176 <10 2
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Site Fluoride Sulfate Aluminum Antimony Arsenic Boron
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-12-15 <0.1 221 <0.005 <0.0005 0.005 <0.1
MW-12-13 <0.1 57 0.028 0.0024 0.007 <0.1
MW-12-17 0.1 61 0.015 0.0008 0.009 <0.1
MW-12-14 <0.1 5 <0.005 <0.0005 0.002 <0.1
MW-12-12 0.2 35 0.006 <0.0005 0.011 <0.1
MW-12-12 DUP 0.2 35 0.006 <0.0005 0.011 <0.1
MW-12-11 0.1 46 <0.005 <0.0005 0.008 <0.1
MW-12-16 0.10 97 0.006 <0.0005 0.003 <0.1
MW-15-09 0.1 43 <0.005 <0.0005 0.002 <0.1
MW-15-08 0.1 11 0.007 <0.0005 0.001 <0.1
MW-15-10 <0.1 42 0.106 <0.0005 <0.001 <0.1
MW-15-11 0.1 45 <0.005 <0.0005 <0.001 <0.1
MW-15-12 0.1 12 0.093 <0.0005 0.001 <0.1
MW-15-13 0.1 12 0.017 <0.0005 <0.001 <0.1
MW-15-07 0.1 15 4.97 <0.0005 0.001 <0.1
MW-15-03 0.2 55 0.006 0.0006 0.012 <0.1
MW-15-02 0.1 10 <0.005 <0.0005 0.004 <0.1
MW-15-02 DUP 0.1 10 <0.005 <0.0005 0.004 <0.1
MW-15-05 0.2 27 0.027 <0.0005 0.005 <0.1
MW-12-18 <0.1 19 <0.005 <0.0005 0.002 <0.1
MW-15-01 <0.1 61 <0.005 <0.0005 0.004 <0.1
MW-15-04 <0.1 41 0.031 0.0007 <0.001 <0.1
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Site Cadmium Calcium Chromium Copper Iron Lead
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-12-15 <0.00003 111 <0.001 0.002 <0.02 <0.0003
MW-12-13 0.00034 45 <0.001 <0.001 0.04 0.0006
MW-12-17 <0.00003 44 <0.001 <0.001 <0.02 <0.0003
MW-12-14 <0.00003 32 <0.001 <0.001 <0.02 <0.0003
MW-12-12 <0.00003 33 <0.001 <0.001 <0.02 <0.0003
MW-12-12 DUP <0.00003 33 <0.001 <0.001 <0.02 <0.0003
MW-12-11 <0.00003 36 <0.001 <0.001 <0.02 <0.0003
MW-12-16 <0.00003 41 <0.001 <0.001 <0.02 <0.0003
MW-15-09 0.00013 20 <0.001 <0.001 <0.02 <0.0003
MW-15-08 0.00003 20 <0.001 <0.001 <0.02 <0.0003
MW-15-10 0.00004 17 <0.001 <0.001 0.04 <0.0003
MW-15-11 <0.00003 46 <0.001 <0.001 <0.02 <0.0003
MW-15-12 <0.00003 21 <0.001 <0.001 0.04 <0.0003
MW-15-13 <0.00003 27 <0.001 <0.001 <0.02 <0.0003
MW-15-07 <0.00004 25 <0.001 0.002 1.76 0.0018
MW-15-03 <0.00003 48 <0.001 <0.001 0.04 <0.0003
MW-15-02 <0.00003 59 <0.001 0.001 <0.02 <0.0003
MW-15-02 DUP <0.00003 58 <0.001 <0.001 <0.02 <0.0003
MW-15-05 <0.00003 51 <0.001 <0.001 0.03 <0.0003
MW-12-18 <0.00003 35 <0.001 <0.001 <0.02 <0.0003
MW-15-01 <0.00003 35 <0.001 <0.001 0.03 <0.0003
MW-15-04 <0.00003 25 <0.001 <0.001 0.04 <0.0003
57 
 
 
Site Lithium Magnesium Manganese Mercury Molybdenum Nickel
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-12-15 <0.1 22 <0.01 <0.000005 0.0035 <0.002
MW-12-13 <0.1 8 <0.01 <0.000005 0.003 <0.002
MW-12-17 <0.1 11 <0.01 <0.000005 0.0061 <0.002
MW-12-14 <0.1 7 <0.01 <0.000005 0.0002 <0.002
MW-12-12 <0.1 3 <0.01 <0.000005 0.0085 <0.002
MW-12-12 DUP <0.1 3 <0.01 <0.000005 0.0084 <0.002
MW-12-11 <0.1 9 <0.01 <0.000005 0.0044 <0.002
MW-12-16 <0.1 14 <0.01 <0.000005 0.0017 <0.002
MW-15-09 <0.1 9 0.04 <0.000005 0.0018 <0.002
MW-15-08 <0.1 6 0.24 <0.000005 0.0013 0.004
MW-15-10 <0.1 3 0.2 <0.000005 0.0007 <0.002
MW-15-11 <0.1 8 0.06 <0.000005 0.0038 <0.002
MW-15-12 <0.1 4 0.01 <0.000005 0.0037 <0.002
MW-15-13 <0.1 5 <0.01 <0.000005 0.0027 <0.002
MW-15-07 <0.1 7 0.01 <0.000005 0.0006 <0.002
MW-15-03 <0.1 10 <0.01 <0.000005 0.0084 <0.002
MW-15-02 <0.1 11 <0.01 <0.000005 0.0012 <0.002
MW-15-02 DUP <0.1 11 <0.01 <0.000005 0.0012 <0.002
MW-15-05 <0.1 10 0.04 5.2E-06 0.0146 <0.002
MW-12-18 <0.1 9 <0.01 <0.000005 0.0007 <0.002
MW-15-01 <0.1 9 <0.01 <0.000005 0.0005 <0.002
MW-15-04 <0.1 7 0.04 <0.000005 0.0013 0.002
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Site Potassium Rubidium Selenium Silicon Silver Sodium
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-12-15 6 0.0017 <0.001 6.8 <0.0002 13
MW-12-13 4 0.0009 <0.001 11.9 <0.0002 12
MW-12-17 5 0.001 <0.001 5.8 <0.0002 8
MW-12-14 3 0.0006 <0.001 11.9 <0.0002 7
MW-12-12 4 0.0003 0.021 4.6 <0.0002 14
MW-12-12 DUP 4 0.0004 0.02 4.7 <0.0002 14
MW-12-11 3 0.0015 <0.001 8.1 <0.0002 9
MW-12-16 5 0.0011 <0.001 12 <0.0002 9
MW-15-09 3 0.0009 <0.001 10.7 <0.0002 8
MW-15-08 4 0.0018 <0.001 16.5 <0.0002 7
MW-15-10 2 0.0013 <0.001 18.4 <0.0002 19
MW-15-11 3 0.0019 <0.001 8.4 <0.0002 10
MW-15-12 3 0.0011 <0.001 10.8 <0.0002 11
MW-15-13 2 0.0003 <0.001 8 <0.0002 6
MW-15-07 3 0.0012 <0.001 16.2 <0.0002 10
MW-15-03 6 0.002 <0.001 7.6 <0.0002 9
MW-15-02 4 0.0006 <0.001 10.1 <0.0002 8
MW-15-02 DUP 4 0.0006 <0.001 10 <0.0002 8
MW-15-05 5 0.0012 0.002 6 <0.0002 17
MW-12-18 4 0.0008 <0.001 12.6 <0.0002 8
MW-15-01 4 0.0007 <0.001 12.2 <0.0002 7
MW-15-04 4 0.0012 <0.001 14.9 <0.0002 11
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Site Strontium Thallium Tungsten Uranium Vanadium Zinc
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-12-15 0.49 <0.0002 <0.0002 0.0221 <0.1 <0.008
MW-12-13 0.24 0.0006 <0.0002 0.0071 <0.1 <0.008
MW-12-17 0.2 <0.0002 0.0002 0.0235 <0.1 <0.008
MW-12-14 0.14 <0.0002 <0.0002 0.0012 <0.1 <0.008
MW-12-12 0.28 <0.0002 <0.0002 0.0704 <0.1 <0.008
MW-12-12 DUP 0.27 <0.0002 <0.0002 0.0692 <0.1 <0.008
MW-12-11 0.11 <0.0002 <0.0002 0.0302 <0.1 <0.008
MW-12-16 0.22 <0.0002 <0.0002 0.0036 <0.1 <0.008
MW-15-09 0.1 <0.0002 <0.0002 0.0009 <0.1 <0.008
MW-15-08 0.13 <0.0002 <0.0002 <0.0002 <0.1 <0.008
MW-15-10 0.12 <0.0002 <0.0002 0.0009 <0.1 <0.008
MW-15-11 0.16 <0.0002 0.0004 0.0172 <0.1 <0.008
MW-15-12 0.14 <0.0002 <0.0002 0.0041 <0.1 <0.008
MW-15-13 0.15 <0.0002 <0.0002 0.0033 <0.1 <0.008
MW-15-07 0.16 <0.0002 <0.0002 0.0017 <0.1 <0.008
MW-15-03 0.4 <0.0002 0.0002 0.0189 <0.1 <0.008
MW-15-02 0.2 <0.0002 <0.0002 0.004 <0.1 <0.008
MW-15-02 DUP 0.2 <0.0002 <0.0002 0.0039 <0.1 <0.008
MW-15-05 0.43 <0.0002 <0.0002 0.0289 <0.1 <0.008
MW-12-18 0.14 <0.0002 <0.0002 0.0022 <0.1 <0.008
MW-15-01 0.17 <0.0002 <0.0002 0.0024 <0.1 <0.008
MW-15-04 0.15 <0.0002 <0.0002 0.0019 <0.1 <0.008
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Site Date pH Specific Conductance Dissolved Oxygen Temperature
(s.u.) (µS/cm) (mg/L) (°C)
OFGD-3 10/23/2015 6.82 649 9.3 1.7
OFGD-1 10/23/2015 6.97 459 5.92 4.4
BRCD-4 10/23/2015 7.53 347 10.41 0.6
BRCD-4 DUP
10/23/2015
-- -- -- --
BRCD-2 10/23/2015 7.45 234 9.63 2
BRCD-1B 10/23/2015 7.75 228 6.76 9.9
YDTI-NE 11/5/2015 10.17 2088 7.66 8.7
YDTI-NW 11/5/2015 10.18 2079 8.02 8.6
SBC-1 11/12/2015 8.17 260 11.9 1.7
SBC-1 DUP
11/12/2015
-- -- -- --
SBC-3 11/12/2015 8.02 224 11.16 3.7
DC-1 11/12/2015 7.6 242 11.61 2.1
YDC-1 11/13/2015 7.33 215 12.33 0.09
YDS-1 11/13/2015 7.84 123 11.56 2.5
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Site Alkalinity Bicarbonate TDS TSS Chloride
(mg/L Total as CaCO3) (mg/L as HCO3) (mg/L) (mg/L) (mg/L)
OFGD-3 180 220 456 <10 18
OFGD-1 130 160 344 96 3
BRCD-4 110 130 240 <10 6
BRCD-4 DUP 120 140 242
<10
6
BRCD-2 73 89 172 <10 5
BRCD-1B 47 56 175 12 9
YDTI-NE 36 <1 1890 <10 10
YDTI-NW 32 3 1900 <10 9
SBC-1 110 140 165 10 <1
SBC-1 DUP 110 130 162
<10
<1
SBC-3 98 120 149 <10 <1
DC-1 100 130 166 <10 <1
YDC-1 74 90 151 <10 3
YDS-1 51 61 105 <10 <1
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Site Fluoride Sulfate Aluminum Antimony Arsenic Boron
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 0.4 127 0.006 <0.0005 0.01 <0.1
OFGD-1 0.2 115 0.418 0.0007 0.078 <0.1
BRCD-4 0.2 57 0.049 <0.0005 0.028 <0.1
BRCD-4 DUP 0.2 57 0.047 <0.0005 0.028 <0.1
BRCD-2 <0.1 33 0.043 <0.0005 0.019 <0.1
BRCD-1B <0.1 32 0.169 <0.0005 0.01 <0.1
YDTI-NE 1.6 1200 0.072 <0.0005 0.005 <0.1
YDTI-NW 1.5 1210 0.096 <0.0005 0.005 <0.1
SBC-1 0.1 15 0.083 <0.0005 0.002 <0.1
SBC-1 DUP 0.1 15 0.072 <0.0005 0.002 <0.1
SBC-3 0.1 13 0.019 <0.0005 0.001 <0.1
DC-1 0.1 20 0.013 <0.0005 0.006 <0.1
YDC-1 0.1 22 0.011 <0.0005 0.004 <0.1
YDS-1 0.1 8 0.13 <0.0005 0.011 <0.1
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Site Cadmium Calcium Chromium Copper Iron Lead
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 <0.00003 88 <0.001 0.001 0.04 <0.0003
OFGD-1 0.00021 71 <0.001 0.006 35.6 0.0026
BRCD-4 <0.00003 45 <0.001 0.002 0.23 <0.0003
BRCD-4 DUP 0.00003 47 <0.001 0.002 0.22 <0.0003
BRCD-2 <0.00003 27 <0.001 0.002 0.07 <0.0003
BRCD-1B <0.00003 21 <0.001 0.002 0.11 0.0003
YDTI-NE 0.00082 391 <0.001 0.004 0.06 0.0007
YDTI-NW 0.00072 398 <0.001 0.005 0.08 <0.0003
SBC-1 <0.00003 33 <0.001 0.002 0.17 0.0004
SBC-1 DUP <0.00003 33 <0.001 0.002 0.14 0.0004
SBC-3 <0.00003 29 <0.001 0.007 0.07 <0.0003
DC-1 <0.00003 33 <0.001 0.002 0.04 <0.0003
YDC-1 <0.00003 26 <0.001 0.002 0.11 <0.0003
YDS-1 <0.00003 14 <0.001 0.006 0.28 <0.0003
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Site Lithium Magnesium Manganese Mercury Molybdenum Nickel
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 <0.1 18 0.18 <0.000005 0.0044 <0.002
OFGD-1 <0.1 15 21.7 0.000013 0.0037 0.003
BRCD-4 <0.1 10 0.22 <0.000005 0.0036 <0.002
BRCD-4 DUP <0.1 10 0.22 <0.000005 0.0035 <0.002
BRCD-2 <0.1 8 0.03 <0.000005 0.0008 <0.002
BRCD-1B <0.1 7 <0.01 <0.000005 0.0003 <0.002
YDTI-NE <0.1 <1 <0.01 <0.000005 1.08 <0.002
YDTI-NW <0.1 1 0.01 <0.000005 1.1 <0.002
SBC-1 <0.1 7 0.03 <0.000005 0.0017 <0.002
SBC-1 DUP <0.1 7 0.02 <0.000005 0.0017 <0.002
SBC-3 <0.1 6 <0.01 <0.000005 0.0018 <0.002
DC-1 <0.1 7 0.01 <0.000005 0.002 <0.002
YDC-1 <0.1 5 0.01 <0.000005 0.0009 <0.002
YDS-1 <0.1 3 <0.01 <0.000005 0.0012 <0.002
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Site Potassium Rubidium Selenium Silicon Silver Sodium
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 0.0009 6 <0.001 15.6 0.0003 23
OFGD-1 0.0015 6 <0.001 16.7 0.0003 15
BRCD-4 0.0012 5 <0.001 14.8 <0.0002 10
BRCD-4 DUP 0.0012 5 <0.001 15.2 <0.0002 10
BRCD-2 0.0007 5 <0.001 15.6 <0.0002 8
BRCD-1B 0.0006 4 <0.001 20.3 <0.0002 7
YDTI-NE 34 0.0342 0.005 7.4 <0.0002 83
YDTI-NW 35 0.0332 0.004 7.6 <0.0002 84
SBC-1 0.0015 3 <0.001 9.1 <0.0002 6
SBC-1 DUP 0.0015 3 <0.001 8.9 <0.0002 6
SBC-3 0.0007 3 <0.001 9.3 <0.0002 6
DC-1 0.0005 2 <0.001 10.3 <0.0002 8
YDC-1 0.0003 2 <0.001 11.8 <0.0002 8
YDS-1 0.0005 2 <0.001 10.7 <0.0002 5
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Site Strontium Thallium Tungsten Uranium Vanadium Zinc
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 0.78 <0.0002 <0.0004 J 0.0023 <0.1 <0.008
OFGD-1 0.39 <0.0002 <0.0004 J 0.001 <0.1 0.042
BRCD-4 0.24 <0.0002 <0.0004 J 0.0027 <0.1 <0.008
BRCD-4 DUP 0.24 <0.0002 0.0029 0.0027 <0.1 <0.008
BRCD-2 0.16 <0.0002 <0.0004 J 0.0013 <0.1 <0.008
BRCD-1B 0.13 <0.0002 <0.0004 J 0.0017 <0.1 <0.008
YDTI-NE 1.73 <0.0002 0.034 <0.0005 <0.1 <0.008
YDTI-NW 1.77 <0.0002 0.034 0.0005 <0.1 <0.008
SBC-1 0.22 <0.0002 <0.0001 0.0039 <0.1 <0.008
SBC-1 DUP 0.22 <0.0002 <0.0001 0.0039 <0.1 <0.008
SBC-3 0.21 <0.0002 <0.0001 0.0021 <0.1 <0.008
DC-1 0.21 <0.0002 <0.0001 0.0096 <0.1 <0.008
YDC-1 0.14 <0.0002 <0.0001 0.0022 <0.1 <0.008
YDS-1 0.07 <0.0002 <0.0001 0.0005 <0.1 <0.008
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Site Date pH Specific Conductance Dissolved Oxygen Temperature
(s.u.) (µS/cm) (mg/L) (°C)
GWIC ID# 145971 6/16/2016 7.01 254.6 2.39 7.8
GWIC ID# 199357 6/16/2016 6.97 268 4.82 6.4
GWIC ID# 221129 6/17/2016 8.17 172.1 5.79 7.1
GWIC ID# 271908 6/17/2016 8.4 247.1 1.92 8.3
GWIC ID# 190732 6/20/2016 7.3 283.6 3.61 6.8
GWIC ID# 124175 6/20/2016 7.8 395.4 3.51 8.1
GWIC ID# 263277 6/21/2016 7.8 516.2 -- 8.5
GWIC ID# 50991 6/21/2016 6.3 61.3 6.93 6.9
GWIC ID# 269126 6/21/2016 7.89 283.9 7.2 14
GWIC ID# 183655 6/22/2016 6.64 168.7 8.46 7.2
GWIC ID# 51031 6/22/2016 6.37 221.7 3.94 6.4
GWIC ID# 158789 6/22/2016 8.25 303.5 0.39 7.8
GWIC ID# 163566 6/23/2016 8.15 361.2 0.96 9
GWIC ID# 196757 6/23/2016 7.58 439.2 1.67 8.4
GWIC ID# 227189 6/24/2016 7.85 146.4 2.02 8.1
GWIC ID# 197462 6/24/2016 7.17 285.8 3.13 8.9
GWIC ID# 189408 6/27/2016 7.11 435.7 9.04 8.6
GWIC ID# 267009 6/27/2016 6.98 329.6 0.34 8
GWIC ID# 248824 6/27/2016 7.74 288.8 1.09 8.8
GWIC ID# 218031 6/28/2016 7.5 190.4 4.31 7
GWIC ID# 153761 6/30/2016 8.15 188.3 1.31 9.3
GWIC ID# 153761 - DUP 6/30/2016 -- -- -- --
GWIC ID# 268805 6/30/2016 8.04 442.3 1.72 9.1
GWIC ID# 271536 6/30/2016 7.71 502.1 1.33 8.5
GWIC ID# 284249 6/30/2016 7.85 325.9 4.27 10
GWIC ID# 153525 7/18/2016 8.64 155.5 6.82 9.6
GWIC ID# 206013 7/18/2016 7.74 513.5 0.1 8.5
GWIC ID# 206012 7/18/2016 7.73 455.6 0.21 8.3
GWIC ID# 51010 7/18/2016 -- 277.1 -- 7.5
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Site Alkalinity Bicarbonate TDS TSS Chloride
(mg/L Total as CaCO3) (mg/L as HCO3) (mg/L) (mg/L) (mg/L)
GWIC ID# 145971 86 100 178 <10 2
GWIC ID# 199357 100 120 191 <10 1
GWIC ID# 221129 120 140 200 <10 2
GWIC ID# 271908 82 99 154 <10 5
GWIC ID# 190732 91 110 186 <10 11
GWIC ID# 124175 140 170 273 <10 8
GWIC ID# 263277 160 200 328 <10 17
GWIC ID# 50991 33 40 114 <10 <1
GWIC ID# 269126 100 120 176 <10 3
GWIC ID# 183655 41 49 153 <10 2
GWIC ID# 51031 75 91 152 <10 5
GWIC ID# 158789 120 140 182 <10 3
GWIC ID# 163566 75 90 225 <10 4
GWIC ID# 196757 120 150 285 <10 4
GWIC ID# 227189 85 100 163 157 4
GWIC ID# 197462 120 140 376 <10 8
GWIC ID# 189408 93 110 281 <10 6
GWIC ID# 267009 83 100 206 <10 4
GWIC ID# 248824 130 160 175 <10 4
GWIC ID# 218031 70 84 115 <10 <1
GWIC ID# 153761 79 96 225 <10 12
GWIC ID# 153761 - DUP 79 96 227 <10 12
GWIC ID# 268805 91 110 284 <10 17
GWIC ID# 271536 120 140 295 <10 12
GWIC ID# 284249 120 140 260 8630 6
GWIC ID# 153525 56 68 95 27 4
GWIC ID# 206013 170 200 317 <10 10
GWIC ID# 206012 160 200 314 <10 10
GWIC ID# 51010 88 110 166 <10 3
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Site Fluoride Sulfate Aluminum Antimony Arsenic Boron
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 145971 <0.1 32 <0.005 <0.0005 0.001 <0.1
GWIC ID# 199357 <0.1 32 <0.005 <0.0005 0.002 <0.1
GWIC ID# 221129 <0.1 36 <0.005 0.001 0.004 <0.1
GWIC ID# 271908 0.1 26 <0.005 0.0007 0.013 <0.1
GWIC ID# 190732 <0.1 26 <0.005 0.0007 0.005 <0.1
GWIC ID# 124175 0.1 38 <0.005 0.002 0.009 <0.1
GWIC ID# 263277 0.2 83 <0.005 <0.0005 0.206 <0.1
GWIC ID# 50991 <0.1 18 5.3 <0.0005 0.007 <0.1
GWIC ID# 269126 <0.1 35 <0.005 <0.0005 0.003 <0.1
GWIC ID# 183655 <0.1 32 0.978 <0.0005 0.01 <0.1
GWIC ID# 51031 <0.1 24 0.013 <0.0005 0.015 <0.1
GWIC ID# 158789 0.1 33 <0.005 0.0005 0.038 <0.1
GWIC ID# 163566 0.1 93 <0.005 0.0082 0.006 <0.1
GWIC ID# 196757 0.1 102 <0.005 <0.0005 0.038 <0.1
GWIC ID# 227189 0.2 39 0.014 <0.0005 0.012 <0.1
GWIC ID# 197462 <0.1 145 <0.005 <0.0005 0.002 <0.1
GWIC ID# 189408 0.1 112 <0.005 0.0011 0.019 <0.1
GWIC ID# 267009 0.2 70 <0.005 <0.0005 0.026 <0.1
GWIC ID# 248824 0.1 18 <0.005 <0.0005 0.006 <0.1
GWIC ID# 218031 0.1 22 <0.005 <0.0005 0.005 <0.1
GWIC ID# 153761 0.3 71 <0.005 <0.0005 0.003 <0.1
GWIC ID# 153761 - DUP 0.3 71 <0.005 <0.0005 0.004 <0.1
GWIC ID# 268805 0.2 93 <0.005 0.0013 0.018 <0.1
GWIC ID# 271536 0.2 120 <0.005 0.001 0.004 <0.1
GWIC ID# 284249 0.2 65 0.045 0.0015 0.006 <0.1
GWIC ID# 153525 0.3 13 <0.005 <0.0005 <0.001 <0.1
GWIC ID# 206013 0.2 81 <0.005 <0.0005 0.002 <0.1
GWIC ID# 206012 0.2 81 <0.005 <0.0005 0.002 <0.1
GWIC ID# 51010 0.1 30 0.021 <0.0005 0.002 <0.1
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Site Cadmium Calcium Chromium Copper Iron Lead
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 145971 <0.00003 30 <0.001 0.087 <0.02 <0.0003
GWIC ID# 199357 <0.00003 36 <0.001 0.002 <0.02 <0.0003
GWIC ID# 221129 <0.00003 44 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 271908 <0.00003 27 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 190732 <0.00003 32 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 124175 <0.00003 59 <0.001 0.006 <0.02 <0.0003
GWIC ID# 263277 <0.00003 67 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 50991 <0.00003 10 0.001 0.013 1.86 0.0008
GWIC ID# 269126 <0.00003 35 <0.001 0.005 0.04 <0.0003
GWIC ID# 183655 <0.00003 15 <0.001 0.005 0.44 <0.0003
GWIC ID# 51031 0.00003 22 <0.001 0.005 <0.02 <0.0003
GWIC ID# 158789 <0.00003 46 <0.001 0.003 <0.02 <0.0003
GWIC ID# 163566 <0.00003 50 <0.001 0.001 <0.02 <0.0003
GWIC ID# 196757 <0.00003 64 <0.001 0.002 <0.02 <0.0003
GWIC ID# 227189 <0.00003 37 <0.001 0.003 <0.02 <0.0003
GWIC ID# 197462 <0.00003 77 <0.001 0.005 <0.02 <0.0003
GWIC ID# 189408 <0.00003 62 <0.001 0.034 <0.02 <0.0003
GWIC ID# 267009 <0.00003 46 <0.001 <0.001 0.72 <0.0003
GWIC ID# 248824 <0.00003 44 <0.001 0.002 <0.02 <0.0003
GWIC ID# 218031 <0.00003 24 <0.001 0.003 <0.02 <0.0003
GWIC ID# 153761 <0.00003 44 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 153761 - DUP <0.00003 44 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 268805 <0.00003 64 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 271536 0.00017 71 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 284249 <0.00003 43 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 153525 <0.00003 17 <0.001 <0.001 0.03 <0.0003
GWIC ID# 206013 <0.00003 82 <0.001 0.011 <0.02 <0.0003
GWIC ID# 206012 <0.00003 81 <0.001 <0.001 <0.02 <0.0003
GWIC ID# 51010 <0.00003 40 <0.001 0.005 0.02 <0.0003
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Site Lithium Magnesium Manganese Mercury Molybdenum Nickel
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 145971 <0.1 7 <0.01 <0.000005 0.0015 <0.002
GWIC ID# 199357 <0.1 5 <0.01 <0.000005 0.0022 <0.002
GWIC ID# 221129 <0.1 6 <0.01 <0.000005 0.001 <0.002
GWIC ID# 271908 <0.1 3 <0.01 <0.000005 0.0015 <0.002
GWIC ID# 190732 <0.1 7 <0.01 <0.000005 0.0004 <0.002
GWIC ID# 124175 <0.1 5 <0.01 <0.000005 0.0005 <0.002
GWIC ID# 263277 <0.1 14 0.08 <0.000005 0.0033 <0.002
GWIC ID# 50991 <0.1 4 <0.01 0.000005 0.0002 <0.002
GWIC ID# 269126 <0.1 6 <0.01 <0.000005 0.0018 <0.002
GWIC ID# 183655 <0.1 5 <0.01 7.3E-06 0.0003 <0.002
GWIC ID# 51031 <0.1 7 <0.01 <0.000005 0.0003 <0.002
GWIC ID# 158789 <0.1 6 0.02 <0.000005 0.0136 <0.002
GWIC ID# 163566 <0.1 8 <0.01 <0.000005 0.0056 <0.002
GWIC ID# 196757 <0.1 14 <0.01 <0.000005 0.0058 <0.002
GWIC ID# 227189 <0.1 8 <0.01 <0.000005 0.0053 <0.002
GWIC ID# 197462 <0.1 16 <0.01 <0.000005 0.0026 <0.002
GWIC ID# 189408 <0.1 11 <0.01 <0.000005 0.002 <0.002
GWIC ID# 267009 <0.1 6 0.7 <0.000005 0.01 <0.002
GWIC ID# 248824 <0.1 6 0.02 <0.000005 0.0067 <0.002
GWIC ID# 218031 <0.1 7 <0.01 <0.000005 0.0025 <0.002
GWIC ID# 153761 <0.1 7 <0.01 <0.000005 0.0051 <0.002
GWIC ID# 153761 - DUP <0.1 7 <0.01 <0.000005 0.0055 <0.002
GWIC ID# 268805 <0.1 4 0.02 <0.000005 0.007 <0.002
GWIC ID# 271536 <0.1 14 0.01 <0.000005 0.0059 <0.002
GWIC ID# 284249 <0.1 11 0.18 <0.000005 0.004 <0.002
GWIC ID# 153525 <0.1 2 0.02 <0.000005 0.0041 <0.002
GWIC ID# 206013 <0.1 11 0.14 <0.000005 0.0061 <0.002
GWIC ID# 206012 <0.1 11 0.14 <0.000005 0.0060 <0.002
GWIC ID# 51010 <0.1 7 0.01 <0.000005 0.0034 <0.002
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Site Potassium Rubidium Selenium Silicon Silver Sodium
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 145971 3 0.0002 <0.001 12.1 <0.0002 8
GWIC ID# 199357 2 0.0001 <0.001 12.1 <0.0002 8
GWIC ID# 221129 2 0.0004 <0.001 7.7 <0.0002 8
GWIC ID# 271908 1 0.0007 <0.001 7.1 <0.0002 18
GWIC ID# 190732 2 0.0002 <0.001 13.5 <0.0002 12
GWIC ID# 124175 3 0.0011 0.002 9.2 <0.0002 9
GWIC ID# 263277 5 0.0014 <0.001 8.2 <0.0002 10
GWIC ID# 50991 3 0.0032 <0.001 29.4 <0.0002 4
GWIC ID# 269126 2 0.0003 <0.001 7.7 <0.0002 8
GWIC ID# 183655 4 0.0011 <0.001 21.6 <0.0002 6
GWIC ID# 51031 5 0.001 <0.001 16.7 <0.0002 7
GWIC ID# 158789 4 0.0016 <0.001 6.8 <0.0002 9
GWIC ID# 163566 4 0.0004 0.001 6.3 <0.0002 7
GWIC ID# 196757 4 0.0003 0.001 8.8 <0.0002 10
GWIC ID# 227189 3 0.0012 <0.001 7.4 <0.0002 7
GWIC ID# 197462 5 0.0009 <0.001 9.3 <0.0002 11
GWIC ID# 189408 4 0.0002 <0.001 11.9 <0.0002 11
GWIC ID# 267009 3 0.0028 <0.001 10.6 <0.0002 9
GWIC ID# 248824 3 0.0012 <0.001 7.7 <0.0002 9
GWIC ID# 218031 3 0.0032 <0.001 8.2 <0.0002 4
GWIC ID# 153761 5 0.0008 <0.001 4.9 <0.0002 15
GWIC ID# 153761 - DUP 5 0.0009 <0.001 5 <0.0002 15
GWIC ID# 268805 4 0.0018 0.006 5.4 <0.0002 21
GWIC ID# 271536 4 0.0014 <0.001 5.7 <0.0002 11
GWIC ID# 284249 4 0.0015 <0.001 9.5 <0.0002 9
GWIC ID# 153525 3 0.0006 <0.001 1.1 <0.0002 10
GWIC ID# 206013 4 0.0004 <0.001 6.1 <0.0002 12
GWIC ID# 206012 4 0.0004 <0.001 6.1 <0.0002 12
GWIC ID# 51010 3 0.0005 <0.001 11.4 <0.0002 7
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Site Strontium Thallium Tungsten Uranium Vanadium Zinc
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GWIC ID# 145971 0.18 <0.0002 <0.0002 0.0081 <0.1 <0.008
GWIC ID# 199357 0.25 <0.0002 0.0002 0.0066 <0.1 0.018
GWIC ID# 221129 0.37 <0.0002 0.0003 0.019 <0.1 <0.008
GWIC ID# 271908 0.16 <0.0002 0.0004 0.007 <0.1 <0.008
GWIC ID# 190732 0.11 <0.0002 <0.0001 0.0091 <0.1 <0.008
GWIC ID# 124175 0.64 <0.0002 <0.0001 0.0937 <0.1 0.011
GWIC ID# 263277 0.93 <0.0002 0.0002 0.0093 <0.1 0.016
GWIC ID# 50991 0.04 <0.0002 0.0002 0.0014 <0.1 <0.008
GWIC ID# 269126 0.31 <0.0002 <0.0001 0.0175 <0.1 <0.008
GWIC ID# 183655 0.1 <0.0002 <0.0001 0.0014 <0.1 <0.008
GWIC ID# 51031 0.15 <0.0002 <0.0001 0.0011 <0.1 0.115
GWIC ID# 158789 0.48 <0.0002 <0.0002 0.0364 <0.1 <0.008
GWIC ID# 163566 0.2 <0.0002 <0.0001 0.0194 <0.1 <0.008
GWIC ID# 196757 0.4 <0.0002 <0.0001 0.037 <0.1 0.011
GWIC ID# 227189 0.38 <0.0002 <0.0001 0.0054 <0.1 <0.008
GWIC ID# 197462 0.76 <0.0002 <0.0001 0.0329 <0.1 0.01
GWIC ID# 189408 0.27 <0.0002 <0.0002 0.0074 <0.1 0.015
GWIC ID# 267009 0.38 <0.0002 <0.0002 0.0017 <0.1 <0.008
GWIC ID# 248824 0.44 <0.0002 <0.0001 0.0112 <0.1 <0.008
GWIC ID# 218031 0.15 <0.0002 <0.0001 0.0031 <0.1 0.013
GWIC ID# 153761 0.89 <0.0002 0.0002 0.0123 <0.1 <0.008
GWIC ID# 153761 - DUP 0.9 <0.0002 <0.0002 0.0125 <0.1 <0.008
GWIC ID# 268805 1.5 <0.0002 <0.0001 0.132 <0.1 <0.008
GWIC ID# 271536 0.14 <0.0002 <0.0001 0.0076 <0.1 0.017
GWIC ID# 284249 0.13 <0.0002 <0.0001 0.0159 <0.1 0.017
GWIC ID# 153525 0.37 <0.0002 0.0019 0.0003 <0.1 <0.008
GWIC ID# 206013 0.62 <0.0002 0.0007 0.0171 <0.1 <0.008
GWIC ID# 206012 0.6 <0.0002 <0.0006 0.0169 <0.1 <0.008
GWIC ID# 51010 0.24 <0.0002 <0.0006 0.0049 <0.1 0.021
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Site Date pH Specific Conductance Dissolved Oxygen Temperature
(s.u.) (µS/cm) (mg/L) (°C)
MW-15-08 6/21/2016 6.12 181 6.21 7.7
MW-15-07 6/21/2016 6.80 216 7.82 7.4
MW-12-13 6/21/2016 6.95 368 1.64 7.0
MW-12-17 6/21/2016 7.98 342 1.4 7.4
MW-12-14 6/21/2016 7.18 232 7.24 7.4
MW-12-11 6/21/2016 7.37 267 3.35 7.8
MW-15-04 6/21/2016 6.78 239 4 7.3
MW-12-12 6/21/2016 8.32 250 0.45 8
MW-15-09 6/21/2016 6.43 201 1.12 7.6
MW-12-18 6/21/2016 6.42 291 4.95 7
MW-15-05 6/22/2016 7.8 435 1.22 7.7
MW-15-02 6/22/2016 7.30 468 6.23 7.6
MW-12-15 6/22/2016 7.46 800 4.20 7.4
MW-12-16 6/22/2016 7.4 394 6.45 8.1
MW-15-03 6/23/2016 7.97 366 0.47 9.5
MW-15-03 DUP 6/23/2016 -- -- -- --
MW-15-13 6/23/2016 7.14 188 7.75 7.3
MW-15-12 6/23/2016 6.43 196 4.09 7.6
MW-15-10 6/23/2016 6.08 151 9.32 9.2
MW-15-11 6/23/2016 7.55 312 4.02 8.8
MW-15-01 6/28/2016 7.43 290 6.66 8.5
MW-15-06 6/28/2016 7.98 316 2.37 13.4
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Site Alkalinity Bicarbonate TDS TSS Chloride
(mg/L Total as CaCO3) (mg/L as HCO3) (mg/L) (mg/L) (mg/L)
MW-15-08 63 76 135 31 9
MW-15-07 81 99 153 58 7
MW-12-13 120 150 252 12 5
MW-12-17 120 140 222 13 3
MW-12-14 82 99 163 <10 20
MW-12-11 92 110 180 <10 4
MW-15-04 71 86 179 <10 1
MW-12-12 86 100 170 <10 5
MW-15-09 56 67 138 <10 1
MW-12-18 91 110 198 <10 22
MW-15-05 180 210 250 44 4
MW-15-02 130 150 277 <10 52
MW-12-15 140 170 552 30 15
MW-12-16 69 84 254 <10 8
MW-15-03 120 150 212 18 4
MW-15-03 DUP 120 150 214 13 4
MW-15-13 81 98 115 184 <1
MW-15-12 83 100 116 <10 <1
MW-15-10 43 51 116 <10 <1
MW-15-11 110 140 194 <10 1
MW-15-01 73 88 195 <10 2
MW-15-06 150 180 175 356 4
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Site Fluoride Sulfate Aluminum Antimony Arsenic Boron
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-15-08 0.1 12 0.007 J <0.0005 0.001 <0.1
MW-15-07 0.1 18 0.026 J <0.0005 <0.001 <0.1
MW-12-13 0.1 60 0.051 J 0.0031 0.007 <0.1
MW-12-17 0.1 62 <0.005 J 0.0006 0.007 <0.1
MW-12-14 0.1 6 <0.005 J <0.0005 0.001 <0.1
MW-12-11 0.1 46 0.005 J <0.0005 0.008 <0.1
MW-15-04 <0.1 52 <0.005 J <0.0005 <0.001 <0.1
MW-12-12 0.2 39 0.008 J <0.0005 0.01 <0.1
MW-15-09 0.1 46 <0.005 J <0.0005 0.002 <0.1
MW-12-18 <0.1 23 0.005 J <0.0005 0.002 <0.1
MW-15-05 0.2 35 0.006 J <0.0005 0.004 <0.1
MW-15-02 0.1 13 <0.005 J <0.0005 0.004 <0.1
MW-12-15 <0.1 218 0.005 J <0.0005 0.004 <0.1
MW-12-16 0.1 97 <0.005 J <0.0005 0.002 <0.1
MW-15-03 0.1 45 0.011 J <0.0005 0.013 <0.1
MW-15-03 DUP 0.1 45 <0.005 <0.0005 0.014 <0.1
MW-15-13 0.1 17 0.065 J <0.0005 <0.001 <0.1
MW-15-12 0.1 16 0.011 J <0.0005 <0.001 <0.1
MW-15-10 <0.1 28 0.025 J <0.0005 <0.001 <0.1
MW-15-11 0.1 52 <0.005 J <0.0005 <0.001 <0.1
MW-15-01 <0.1 66 <0.005 J <0.0005 0.004 <0.1
MW-15-06 0.2 8 0.005 J 0.0008 0.016 <0.1
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Site Cadmium Calcium Chromium Copper Iron Lead
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-15-08 <0.00003 18 <0.001 <0.001 <0.02 <0.0003
MW-15-07 <0.00003 24 <0.001 <0.001 <0.02 <0.0003
MW-12-13 <0.00003 43 <0.001 <0.001 0.02 <0.0003
MW-12-17 <0.00003 42 <0.001 <0.001 <0.02 <0.0003
MW-12-14 <0.00003 28 <0.001 <0.001 <0.02 <0.0003
MW-12-11 <0.00003 33 <0.001 <0.001 <0.02 <0.0003
MW-15-04 <0.00003 25 <0.001 <0.001 0.05 <0.0003
MW-12-12 <0.00003 32 <0.001 <0.001 <0.02 <0.0003
MW-15-09 0.00011 18 <0.001 <0.001 <0.02 <0.0003
MW-12-18 <0.00003 34 <0.001 <0.001 <0.02 <0.0003
MW-15-05 <0.00003 52 <0.001 <0.001 <0.02 <0.0003
MW-15-02 <0.00003 56 <0.001 <0.001 <0.02 <0.0003
MW-12-15 <0.00003 113 <0.001 0.002 0.03 <0.0003
MW-12-16 <0.00003 40 <0.001 <0.001 <0.02 <0.0003
MW-15-03 <0.00003 41 <0.001 <0.001 0.02 <0.0003
MW-15-03 DUP <0.00003 43 <0.001 <0.001 0.02 <0.0003
MW-15-13 <0.00003 26 <0.001 <0.001 0.04 <0.0003
MW-15-12 <0.00003 24 <0.001 <0.001 <0.02 <0.0003
MW-15-10 0.00003 12 <0.001 <0.001 <0.02 <0.0003
MW-15-11 <0.00003 41 <0.001 <0.001 <0.02 <0.0003
MW-15-01 <0.00003 36 <0.001 <0.001 <0.02 <0.0003
MW-15-06 <0.00003 50 <0.001 <0.001 <0.02 <0.0003
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Site Lithium Magnesium Manganese Mercury Molybdenum Nickel
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-15-08 <0.1 6 0.05 <0.000005 0.0012 <0.002
MW-15-07 <0.1 7 <0.01 <0.000005 0.0004 <0.002
MW-12-13 <0.1 8 <0.01 <0.000005 0.0029 <0.002
MW-12-17 <0.1 11 0.01 <0.000005 0.0057 <0.002
MW-12-14 <0.1 6 <0.01 <0.000005 0.0002 <0.002
MW-12-11 <0.1 8 <0.01 <0.000005 0.0038 <0.002
MW-15-04 <0.1 8 0.02 <0.000005 0.0012 <0.002
MW-12-12 <0.1 3 <0.01 <0.000005 0.0084 <0.002
MW-15-09 <0.1 8 0.03 <0.000005 0.0017 <0.002
MW-12-18 <0.1 9 <0.01 <0.000005 0.0006 <0.002
MW-15-05 <0.1 11 0.04 1.16E-05 0.0136 <0.002
MW-15-02 <0.1 11 <0.01 <0.000005 0.0011 <0.002
MW-12-15 <0.1 22 <0.01 <0.000005 0.0034 <0.002
MW-12-16 <0.1 14 <0.01 <0.000005 0.002 <0.002
MW-15-03 <0.1 11 <0.01 <0.000005 0.0084 <0.002
MW-15-03 DUP <0.1 11 <0.01 <0.000005 0.0079 <0.002
MW-15-13 <0.1 5 <0.01 <0.000005 0.0025 <0.002
MW-15-12 <0.1 5 <0.01 <0.000005 0.0027 <0.002
MW-15-10 <0.1 3 0.09 <0.000005 0.0004 <0.002
MW-15-11 <0.1 8 <0.01 <0.000005 0.0028 <0.002
MW-15-01 <0.1 10 <0.01 <0.000005 0.0004 <0.002
MW-15-06 <0.1 4 0.06 <0.000005 0.0117 <0.002
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Site Potassium Rubidium Selenium Silicon Silver Sodium
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-15-08 4 0.0022 <0.001 16.9 <0.0002 7
MW-15-07 3 0.0005 <0.001 12.2 <0.0002 8
MW-12-13 4 0.0013 <0.001 11.2 <0.0002 19
MW-12-17 5 0.0011 <0.001 6 <0.0002 8
MW-12-14 3 0.0006 <0.001 11.8 <0.0002 7
MW-12-11 3 0.0014 <0.001 8.4 <0.0002 8
MW-15-04 4 0.0014 <0.001 14.9 <0.0002 10
MW-12-12 4 0.0004 0.015 4.8 <0.0002 14
MW-15-09 3 0.0007 <0.001 10.8 <0.0002 8
MW-12-18 4 0.0008 <0.001 12.6 <0.0002 8
MW-15-05 5 0.0011 0.003 6 <0.0002 15
MW-15-02 4 0.0006 <0.001 10 <0.0002 8
MW-12-15 6 0.0017 <0.001 7.3 <0.0002 12
MW-12-16 5 0.0009 <0.001 11.8 <0.0002 9
MW-15-03 5 0.0014 <0.001 8.7 <0.0002 8
MW-15-03 DUP 5 0.0014 <0.001 8.6 <0.0002 8
MW-15-13 2 0.0003 <0.001 8.3 <0.0002 5
MW-15-12 3 0.0014 <0.001 10.5 <0.0002 7
MW-15-10 2 0.001 <0.001 18.8 <0.0002 12
MW-15-11 3 0.0024 <0.001 8.3 <0.0002 9
MW-15-01 4 0.0005 <0.001 13.3 <0.0002 7
MW-15-06 4 0.0012 <0.001 5.6 <0.0002 12
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Site Strontium Thallium Tungsten Uranium Vanadium Zinc
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
MW-15-08 0.13 <0.0002 0.0003 <0.0002 <0.1 <0.008
MW-15-07 0.16 <0.0002 <0.0002 0.0012 <0.1 <0.008
MW-12-13 0.25 <0.0002 0.0002 0.0099 <0.1 <0.008
MW-12-17 0.2 <0.0002 0.0002 0.0241 <0.1 <0.008
MW-12-14 0.13 <0.0002 <0.0001 0.0011 <0.1 <0.008
MW-12-11 0.11 <0.0002 <0.0001 0.0263 <0.1 <0.008
MW-15-04 0.16 <0.0002 <0.0002 0.002 <0.1 <0.008
MW-12-12 0.29 <0.0002 0.0003 0.07 <0.1 <0.008
MW-15-09 0.1 <0.0002 <0.0001 0.0012 <0.1 <0.008
MW-12-18 0.14 <0.0002 <0.0001 0.0019 <0.1 <0.008
MW-15-05 0.45 <0.0002 0.0002 0.0284 <0.1 <0.008
MW-15-02 0.2 <0.0002 <0.0002 0.0037 <0.1 <0.008
MW-12-15 0.48 <0.0002 <0.0001 0.0204 <0.1 <0.008
MW-12-16 0.22 <0.0002 <0.0002 0.0036 <0.1 <0.008
MW-15-03 0.32 <0.0002 <0.0001 0.0196 <0.1 <0.008
MW-15-03 DUP 0.33 <0.0002 <0.0001 0.019 <0.1 <0.008
MW-15-13 0.16 <0.0002 <0.0001 0.0039 <0.1 <0.008
MW-15-12 0.17 <0.0002 <0.0001 0.0051 <0.1 <0.008
MW-15-10 0.09 <0.0002 <0.0001 0.0011 <0.1 <0.008
MW-15-11 0.15 <0.0002 <0.0001 0.0176 <0.1 <0.008
MW-15-01 0.18 <0.0002 <0.0001 0.0022 <0.1 <0.008
MW-15-06 0.51 <0.0002 <0.0001 0.0254 <0.1 <0.008
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Site Date pH Specific Conductance Dissolved Oxygen Temperature
(s.u.) (µS/cm) (mg/L) (°C)
OFGD-3 6/29/2016 6.33 607 8.03 11.3
OFGD-1 6/29/2016 7.01 594 6.21 13.7
BRCD-4 6/29/2016 7.58 360 6.47 18.1
BRCD-5 6/29/2016 7.73 193 5.69 13.5
BRCD-2 6/29/2016 7.48 221 9.46 11.7
BRCD-1E 6/29/2016 8.18 147 8.95 8.7
BRCD-1 6/29/2016 8.48 166 7.85 18.8
YDC-1 6/30/2016 7.57 162 7.77 12.9
YD-3B 6/30/2016 7.51 236 7.53 13.7
YDTI-NW 6/30/2016 9.77 2134 7.42 19.3
YDS-1 6/30/2016 7.63 170 6.28 18.9
DC-1 7/1/2016 7.23 263 8.31 9.6
DC-1 DUP 7/1/2016 -- -- -- --
YDTI-NE 7/1/2016 10 2109 7.11 17.9
SBC-1 7/1/2016 7.83 256 8.08 11.6
Site Alkalinity Bicarbonate TDS TSS Chloride
(mg/L Total as CaCO3) (mg/L as HCO3) (mg/L) (mg/L) (mg/L)
OFGD-3 170 200 424.0 <10 19
OFGD-1 140 180 396.0 <10 5
BRCD-4 110 130 264.0 109 J 10
BRCD-5 54 65 143.0 648 J 4
BRCD-2 67 81 170.0 28 J 7
BRCD-1E 43 52 129.0 20 J 1
BRCD-1 49 47 113.0 <10 3
YDC-1 67 81 116.0 <10 2
YD-3B 110 130 168.0 <10 <1
YDTI-NW 34 9 1950.0 <10 10
YDS-1 72 88 130.0 <10 <1
DC-1 120 150 172.0 21 J <1
DC-1 DUP 120 150 169 <10 <1
YDTI-NE 37 1 U 1920 <10 8
SBC-1 120 140 172 <10 <1
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Site Fluoride Sulfate Aluminum Antimony Arsenic Boron
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 0.5 146 0.037 <0.0005 0.011 <0.1
OFGD-1 0.2 162 0.014 <0.0005 0.003 <0.1
BRCD-4 0.2 54 2.85 0.0007 0.079 <0.1
BRCD-5 0.2 17 10.3 0.0005 0.017 <0.1
BRCD-2 <0.1 28 0.603 <0.0005 0.026 <0.1
BRCD-1E <0.1 22 0.522 <0.0005 0.01 <0.1
BRCD-1 <0.1 26 0.179 <0.0005 0.013 <0.1
YDC-1 0.1 13 0.059 <0.0005 0.007 <0.1
YD-3B 0.1 18 0.033 0.0008 0.016 <0.1
YDTI-NW 1.6 1180 0.126 <0.0005 0.004 <0.1
YDS-1 0.1 8 0.098 0.0005 0.031 <0.1
DC-1 0.1 15 0.018 <0.0005 0.009 <0.1
DC-1 DUP 0.1 15 0.018 <0.0005 0.008 <0.1
YDTI-NE 1.6 1250 0.092 <0.0005 0.004 <0.1
SBC-1 0.1 18 0.035 <0.0005 0.003 <0.1
Site Cadmium Calcium Chromium Copper Iron Lead
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 <0.00003 91 <0.001 0.002 J 0.09 <0.0003
OFGD-1 <0.00003 82 <0.001 0.001 J 0.38 <0.0003
BRCD-4 0.00028 42 0.002 0.022 J 4.36 0.01
BRCD-5 0.00085 20 0.019 0.047 J 9.11 0.0274
BRCD-2 0.00006 26 <0.001 0.006 J 0.64 0.0014
BRCD-1E <0.00003 14 <0.001 0.004 J 0.57 0.0007
BRCD-1 0.00003 17 <0.001 0.004 J 0.13 0.0006
YDC-1 <0.00003 21 <0.001 0.004 J 0.26 <0.0003
YD-3B 0.00005 35 <0.001 0.008 J 0.05 <0.0003
YDTI-NW 0.00099 446 <0.001 0.014 J 0.07 <0.0003
YDS-1 0.00006 22 <0.001 0.009 J 0.95 0.0005
DC-1 <0.00003 35 <0.001 0.004 J 0.05 <0.0003
DC-1 DUP <0.00003 36 <0.001 0.002 J 0.05 <0.0003
YDTI-NE 0.00036 441 <0.001 0.009 J 0.03 <0.0003
SBC-1 <0.00003 35 <0.001 0.002 J 0.07 <0.0003
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Site Lithium Magnesium Manganese Mercury Molybdenum Nickel
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 <0.1 19 0.26 <0.000005 0.0038 0.045
OFGD-1 <0.1 18 0.71 <0.000005 0.0013 <0.002
BRCD-4 <0.1 10 0.74 0.000018 0.0046 0.003
BRCD-5 <0.1 8 0.3 0.000025 0.0012 0.012
BRCD-2 <0.1 8 0.08 0.000039 0.0007 <0.002
BRCD-1E <0.1 5 <0.01 <0.000005 0.0002 <0.002
BRCD-1 <0.1 6 0.02 <0.000005 0.0003 <0.002
YDC-1 <0.1 4 0.01 <0.000005 0.0015 <0.002
YD-3B <0.1 6 0.01 <0.000005 0.0021 <0.002
YDTI-NW <0.1 1 <0.01 <0.000005 1.01 <0.002
YDS-1 <0.1 4 0.17 <0.000005 0.0059 <0.002
DC-1 <0.1 7 0.01 <0.000005 0.0023 <0.002
DC-1 DUP <0.1 7 0.01 <0.000005 0.0024 <0.002
YDTI-NE <0.1 1 <0.01 <0.000005 1.04 <0.002
SBC-1 <0.1 8 0.02 <0.000005 0.0043 <0.002
Site Potassium Rubidium Selenium Silicon Silver Sodium
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 6 0.001 <0.001 12 <0.0002 22
OFGD-1 5 0.0005 <0.001 12.1 <0.0002 15
BRCD-4 19 0.0075 <0.001 22.7 <0.0002 11
BRCD-5 9 0.0134 <0.001 46.7 <0.0002 10
BRCD-2 5 0.0016 <0.001 20.5 <0.0002 8
BRCD-1E 5 0.002 <0.001 21.7 <0.0002 6
BRCD-1 4 0.0011 <0.001 8.7 <0.0002 7
YDC-1 3 0.0005 <0.001 13.1 <0.0002 7
YD-3B 3 0.0006 <0.001 14.8 <0.0002 10
YDTI-NW 37 0.037 0.004 7.9 <0.0002 94
YDS-1 2 0.0008 <0.001 13.4 <0.0002 6
DC-1 2 0.0005 <0.001 11 0.0002 9
DC-1 DUP 2 0.0006 <0.001 11.4 <0.0002 9
YDTI-NE 35 0.0358 0.005 7.8 <0.0002 86
SBC-1 3 0.0013 <0.001 9.7 <0.0002 7
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Site Strontium Thallium Tungsten Uranium Vanadium Zinc
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
OFGD-3 0.8 <0.0002 0.0004 0.0021 <0.1 <0.008
OFGD-1 0.52 <0.0002 <0.0001 0.0016 <0.1 <0.008
BRCD-4 0.25 <0.0002 <0.0002 0.0038 <0.1 0.028
BRCD-5 0.21 <0.0002 <0.0001 0.0021 <0.1 0.092
BRCD-2 0.17 <0.0002 <0.0001 0.0021 <0.1 <0.008
BRCD-1E 0.08 <0.0002 <0.0001 0.001 <0.1 <0.008
BRCD-1 0.11 <0.0002 <0.0001 0.0012 <0.1 <0.008
YDC-1 0.11 <0.0002 <0.0001 0.0014 <0.1 <0.008
YD-3B 0.26 <0.0002 <0.0001 0.004 <0.1 <0.008
YDTI-NW 1.78 <0.0002 0.0416 0.0004 <0.1 <0.008
YDS-1 0.13 <0.0002 0.0003 0.0005 <0.1 <0.008
DC-1 0.23 <0.0002 <0.0001 0.01 <0.1 <0.008
DC-1 DUP 0.23 <0.0002 0.0002 0.0103 <0.1 <0.008
YDTI-NE 1.67 <0.0002 0.0349 0.0004 <0.1 <0.008
SBC-1 0.24 <0.0002 0.0001 0.0036 <0.1 <0.008
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Appendix B: Peeper and Piezometer Data 
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Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate 
Sample (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
Peeper Cell 1 0.47 13.9 0.30 <0.06 0.27 <0.11 1192 
Peeper Cell 5 0.49 13.4 0.26 <0.05 0.27 <0.10 1175 
Peeper Cell 9 0.48 13.4 0.31 <0.06 0.30 <0.12 1164 
Peeper Cell 13 0.45 13.6 0.30 <0.06 0.28 <0.11 1177 
Peeper Cell 17 0.47 13.4 0.25 <0.05 0.28 <0.11 1185 
Peeper Cell 21 0.48 13.5 0.25 <0.05 0.29 <0.11 1163 
Peeper Cell 25 0.68 13.8 0.27 <0.06 0.31 <0.12 1180 
Piezometer 1 0.10 14.1 <0.01 0.078 <0.01 <0.02 1027 
Piezometer 2 0.41 6.7 0.21 <0.01 0.05 <0.02 652 
Piezometer 3 0.26 15.0 <0.01 0.086 <0.01 <0.02 1150 
Piezometer 4 0.25 13.2 0.22 0.101 0.04 <0.02 1081 
Piezometer 5 0.27 14.6 <0.01 0.089 0.06 <0.02 1239 
Lake 1.50 13.8 0.11 0.109 0.52 <0.02 1394 
Slurry 1.91 15.0 0.45 0.093 0.83 <0.02 1428 
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7Li 9Be 11B 27Al 31P 31P 39K 39K 
Sample (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) 
Peeper Cell 1 < 1.5 < 0.6 8.6 110.2 <15 < 0.015 3482 3.5 
Peeper Cell 5 < 1.5 < 0.6 8.2 115.6 <15 < 0.015 3594 3.6 
Peeper Cell 9 < 1.5 < 0.6 7.2 191.7 <15 < 0.015 3441 3.4 
Peeper Cell 13 < 1.5 < 0.6 7.7 108.2 <15 < 0.015 3460 3.5 
Peeper Cell 17 < 1.5 < 0.6 7.7 123.5 <15 < 0.015 3437 3.4 
Peeper Cell 21 < 1.5 < 0.6 8.8 91.4 <15 < 0.015 3512 3.5 
Peeper Cell 25 < 1.5 < 0.6 7.5 99.7 <15 < 0.015 3366 3.4 
Piezometer 1 < 0.5 < 0.2 0.7 63.9 5.26 0.01 2400 2.4 
Piezometer 2 < 0.5 < 0.2 1.5 22.6 < 5 < 0.005 2040 2.0 
Piezometer 3 < 0.5 < 0.2 1.3 26.5 < 5 < 0.005 3330 3.3 
Piezometer 4 < 0.5 < 0.2 
 
21.9 < 5 < 0.005 3080 3.1 
Piezometer 5 < 0.5 < 0.2 0.8 161.9 < 5 < 0.005 2770 2.8 
Lake < 0.5 < 0.2 1.3 41.6 < 5 < 0.005 2690 2.7 
Slurry < 1.25 < 0.5 2.6 220.4 < 12.5 < 0.0125 4180 4.2 
 
 
43Ca 43Ca 49Ti 51V 52Cr 55Mn 55Mn 56Fe 
Sample (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) 
Peeper Cell 1 211368 211.4 19.0 16.2 < 0.6 < 6 < 0.006 58.0 
Peeper Cell 5 217085 217.1 19.6 16.7 < 0.6 < 6 < 0.006 70.0 
Peeper Cell 9 207598 207.6 18.9 16.4 < 0.6 < 6 < 0.006 58.0 
Peeper Cell 13 210679 210.7 19.4 16.1 < 0.6 < 6 < 0.006 72.8 
Peeper Cell 17 211535 211.5 19.4 15.9 < 0.6 < 6 < 0.006 67.9 
Peeper Cell 21 222870 222.9 21.0 16.1 < 0.6 < 6 < 0.006 79.6 
Peeper Cell 25 199899 199.9 19.2 16.9 < 0.6 < 6 < 0.006 63.5 
Piezometer 1 157000 157.0 14.6 9.0 < 0.2 < 2 < 0.002 46.2 
Piezometer 2 99700 99.7 9.7 7.8 < 0.2 2.0 0.002 24.3 
Piezometer 3 173000 173.0 16.6 9.5 < 0.2 3.2 0.003 48.1 
Piezometer 4 153000 153.0 16.0 10.2 < 0.2 < 2 < 0.002 35.2 
Piezometer 5 204000 204.0 19.3 6.1 < 0.2 < 2 < 0.002 55.1 
Lake 235000 235.0 21.2 5.1 < 0.2 8.8 0.009 61.1 
Slurry 285000 285.0 25.9 9.1 < 0.5 < 5 < 0.005 58.5 
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56Fe 59Co 60Ni 63Cu 66Zn 71Ga 75As 82Se 
Sample (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) 
Peeper Cell 1 0.06 < 1.5 1.8 17.1 17.1 1.5 4.5 2.6 
Peeper Cell 5 0.07 < 1.5 1.7 14.6 14.9 1.5 4.4 2.3 
Peeper Cell 9 0.06 < 1.5 1.4 21.9 14.3 1.5 4.5 2.4 
Peeper Cell 13 0.07 < 1.5 2.2 33.6 15.3 1.5 4.4 2.1 
Peeper Cell 17 0.07 < 1.5 1.6 28.4 14.3 < 1.5 4.4 2.0 
Peeper Cell 21 0.08 < 1.5 2.5 26.0 17.4 < 1.5 4.5 2.0 
Peeper Cell 25 0.06 < 1.5 2.0 29.6 14.8 < 1.5 4.2 1.8 
Piezometer 1 0.05 < 0.5 < 0.5 < 1 < 1 1.6 3.1 3.6 
Piezometer 2 0.02 < 0.5 < 0.5 1.5 < 1 2.6 3.5 1.5 
Piezometer 3 0.05 < 0.5 < 0.5 < 1 < 1 3.1 3.6 3.4 
Piezometer 4 0.04 < 0.5 < 0.5 < 1 < 1 1.9 4.8 3.8 
Piezometer 5 0.06 < 0.5 < 0.5 8.3 < 1 2.1 3.8 3.2 
Lake 0.06 0.70 < 0.5 4.6 < 1 0.9 3.3 3.3 
Slurry 0.06 0.66 < 1.25 2.5 67.4 1.9 17.7 2.9 
 
 
85Rb 88Sr 90Zr 93Nb 98Mo 105Pd 107Ag 111Cd 
Sample (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) 
Peeper Cell 1 38.2 1185 < 1.5 < 1.5 1012 < 1.5 < 0.6 < 0.6 
Peeper Cell 5 39.0 1183 < 1.5 < 1.5 1038 < 1.5 < 0.6 < 0.6 
Peeper Cell 9 39.2 1160 < 1.5 < 1.5 1001 < 1.5 < 0.6 < 0.6 
Peeper Cell 13 38.9 1156 < 1.5 < 1.5 993 < 1.5 < 0.6 < 0.6 
Peeper Cell 17 38.8 1168 < 1.5 < 1.5 996 < 1.5 < 0.6 < 0.6 
Peeper Cell 21 39.1 1247 < 1.5 < 1.5 1074 < 1.5 < 0.6 < 0.6 
Peeper Cell 25 36.6 1113 < 1.5 < 1.5 1017 < 1.5 < 0.6 < 0.6 
Piezometer 1 24.9 943 < 0.5 < 0.5 1530 0.54 < 0.2 0.26 
Piezometer 2 11.9 752 < 0.5 < 0.5 1040 < 0.5 < 0.2 < 0.2 
Piezometer 3 25.8 1160 < 0.5 < 0.5 1400 0.70 < 0.2 0.30 
Piezometer 4 28.2 1110 < 0.5 < 0.5 1930 0.66 < 0.2 0.33 
Piezometer 5 32.0 1110 < 0.5 < 0.5 1310 0.70 < 0.2 0.28 
Lake 32.9 1530 < 0.5 < 0.5 1060 0.89 < 0.2 0.29 
Slurry 53.5 1540 < 1.25 < 1.25 1020 < 1.25 < 0.5 < 0.5 
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118Sn 121Sb 133Cs 137Ba 139La 140Ce 141Pr 146Nd 
Sample (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) 
Peeper Cell 1 < 1.5 < 0.6 < 1.5 26.0 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 5 < 1.5 < 0.6 < 1.5 27.7 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 9 < 1.5 < 0.6 < 1.5 27.1 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 13 < 1.5 < 0.6 < 1.5 26.9 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 17 < 1.5 < 0.6 < 1.5 26.8 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 21 < 1.5 < 0.6 < 1.5 27.8 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 25 < 1.5 < 0.6 < 1.5 25.4 < 0.6 < 0.6 < 0.6 < 0.6 
Piezometer 1 < 0.5 < 0.2 < 0.5 35.9 < 0.2 < 0.2 < 0.2 < 0.2 
Piezometer 2 2.7 < 0.2 < 0.5 62.5 < 0.2 < 0.2 < 0.2 < 0.2 
Piezometer 3 1.7 < 0.2 < 0.5 85.5 < 0.2 < 0.2 < 0.2 < 0.2 
Piezometer 4 3.6 < 0.2 < 0.5 44.5 < 0.2 < 0.2 < 0.2 < 0.2 
Piezometer 5 2.1 < 0.2 < 0.5 40.9 < 0.2 < 0.2 < 0.2 < 0.2 
Lake < 0.5 0.23 < 0.5 20.7 < 0.2 < 0.2 < 0.2 < 0.2 
Slurry < 1.25 3.67 < 1.25 21.8 < 0.5 < 0.5 < 0.5 < 0.5 
 
 
182W 205Tl 206Pb 207Pb 208Pb 232Th 238U 
Sample (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) (μg/L) 
Peeper Cell 1 192.0 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 5 201.8 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 9 205.4 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 13 210.9 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 17 208.2 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 21 208.5 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 
Peeper Cell 25 216.0 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 < 0.6 
Piezometer 1 169.8 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 
Piezometer 2 46.9 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 0.2 
Piezometer 3 142.1 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 
Piezometer 4 151.9 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 
Piezometer 5 142.1 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 0.3 
Lake 34.3 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 0.4 
Slurry 55.6 < 0.5 0.5 0.5 0.6 < 0.5 < 0.5 
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Al Ba Ca Cu K Mg Mo 
Sample (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
Piezometer 1 0.135 0.042 291 <0.0082 31.3 0.213 1.61 
Piezometer 2 0.065 0.072 184 <0.0082 25.2 0.941 1.08 
Piezometer 3 0.083 0.090 324 <0.0082 43.1 0.936 1.46 
Piezometer 4 0.102 0.052 292 <0.0082 41.7 0.626 1.99 
Piezometer 5 0.255 0.045 355 0.0148 34.4 0.719 1.33 
Lake 0.081 0.024 428 0.0184 36.4 1.070 1.09 
Slurry 0.307 0.025 488 0.0182 48.2 0.027 1.00 
 
 
Na P Si Sr Ti Zn 
Sample (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
Piezometer 1 95.4 <0.0098 5.66 1.06 0.014 <0.0055 
Piezometer 2 61.4 <0.0098 6.05 0.81 0.012 <0.0055 
Piezometer 3 103.0 <0.0098 5.84 1.29 0.015 <0.0055 
Piezometer 4 117.0 <0.0098 7.28 1.22 0.013 <0.0055 
Piezometer 5 102.0 <0.0098 3.16 1.22 0.015 <0.0055 
Lake 89.8 <0.0098 7.52 1.70 0.015 <0.0055 
Slurry 78.7 <0.0098 9.76 1.65 0.015 0.0872 
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Alkalinity NH4+ PO43- 
Sample (mg/L CaCO4) (mg/L) (mg/L PO43- TNT) 
Peeper Cell 1 
 
0.0 
 
Peeper Cell 3 
  
0.19 
Peeper Cell 4 4.4 
  
Peeper Cell 5 
 
0.0 
 
Peeper Cell 7 
  
0.31 
Peeper Cell 8 6.0 
  
Peeper Cell 9 
 
0.0 
 
Peeper Cell 11 
  
0.44 
Peeper Cell 12 5.0 
  
Peeper Cell 13 
 
0.0 
 
Peeper Cell 15 
  
0.90 
Peeper Cell 16 4.8 
  
Peeper Cell 17 
 
0.0 
 
Peeper Cell 19 
  
0.61 
Peeper Cell 20 5.0 
  
Peeper Cell 21 
 
0.0 
 
Peeper Cell 23 
  
0.78 
Peeper Cell 24 5.0 
  
Peeper Cell 25 
 
0.0 
 
Peeper Cell 27 
  
0.28 
Peeper Cell 28 5.0 
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Alkalinity NH4+ PO43- 
Sample (mg/L CaCO4) (mg/L) (mg/L PO43- TNT) 
Piezometer 1 27.0 
 
0.19 
Piezometer 2 18.0 
 
0.22 
Piezometer 3 16.4 
 
0.20 
Piezometer 4 18.8 
 
0.27 
Piezometer 5 21.6 
 
0.15 
Lake 37.2 
 
0.21 
 
 
Installation 
      
 
Temperature  SC pH Eh Dissolved 
Oxygen 
Dissolved 
Oxygen 
Site (°C) (µS/cm) (s.u.) (mV) (%) (mg/L) 
Piezometer 1 15.6 2644 9.89 318 98 7.3 
Piezometer 2 16.5 2643 9.95 324 94 7.3 
Piezometer 3 16.8 2646 10.05 313 94 7.2 
Piezometer 4 -- -- -- -- -- -- 
Piezometer 5 16.7 2640 9.92 306 95 7.3 
Lake 
      
       
Sampling 
      
 
Temperature  SC pH Eh Dissolved 
Oxygen 
Dissolved 
Oxygen 
Site (°C) (µS/cm) (s.u.) (mV) (%) (mg/L) 
Piezometer 1 18.8 1953 9.62 261 0 0 
Piezometer 2 19.4 1345 8.30 323 13.5 -- 
Piezometer 3 19.7 2210 7.96 339 14.8 -- 
Piezometer 4 17.9 2115 8.43 300 19 1.3 
Piezometer 5 19.2 2410 9.20 266 0 0 
Lake 19.1 2659 9.46 270 98 7.33 
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Appendix C: Water Isotope Data 
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Site Date δ18O δ2H 
MW-12-15 10/27/2015 -19.3 -149 
MW-12-13 10/27/2015 -18.6 -145 
MW-12-17 10/27/2015 -19.5 -151 
MW-12-14 10/27/2015 -17.6 -138 
MW-12-12 10/27/2015 -19.3 -150 
MW-12-12 DUP 10/27/2015 -19.3 -150 
MW-12-11 10/27/2015 -18.1 -141 
MW-12-16 10/28/2015 -18.5 -145 
MW-15-09 10/28/2015 -18.4 -145 
MW-15-08 10/29/2015 -17.9 -138 
MW-15-10 10/29/2015 -17.2 -137 
MW-15-11 10/29/2015 -18.9 -148 
MW-15-12 10/29/2015 -18.1 -139 
MW-15-13 10/30/2015 -17.8 -139 
MW-15-07 10/30/2015 -18.5 -143 
MW-15-03 11/2/2015 -19.7 -153 
MW-15-02 11/2/2015 -17.7 -140 
MW-15-02 DUP 11/2/2015 -17.6 -139 
MW-15-05 11/2/2015 -19.6 -153 
MW-12-18 11/5/2015 -19.0 -145 
MW-15-01 11/5/2015 -19.1 -146 
MW-15-04 11/5/2015 -20.3 -154 
YDTI-NE 11/5/2015 -13.2 -117 
YDTI-NW 11/5/2015 -14.0 -118 
BRCD-2 11/5/2015 -18.5 -145 
BRCD-4 11/5/2015 -18.1 -143 
OFGD-3 11/5/2015 -17.1 -137 
OFGD-3 DUP 11/5/2015 -17.2 -138 
GWIC ID# 196757 10/14/2015 -18.7 -146 
GWIC ID# 51010 10/14/2015 -19.0 -148 
GWIC ID# 199357 10/14/2015 -18.6 -145 
GWIC ID# 145971 10/15/2015 -18.8 -147 
GWIC ID# 190732 10/15/2015 -19.0 -148 
GWIC ID# 271908 10/15/2015 -18.6 -146 
GWIC ID# 271908 10/15/2015 -18.9 -147 
GWIC ID# 221129 10/15/2015 -19.2 -149 
GWIC ID# 271536 10/15/2015 -17.7 -140 
GWIC ID# 189408 10/16/2015 -18.7 -146 
GWIC ID# 163566 10/16/2015 -18.1 -143 
GWIC ID# 124175 10/16/2015 -18.8 -146 
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Site Date δ18O δ2H 
GWIC ID# 50991 10/20/2015 -18.8 -145 
GWIC ID# 269126 10/20/2015 -18.7 -146 
GWIC ID# 183655 10/20/2015 -19.0 -148 
GWIC ID# 51031 10/20/2015 -18.1 -144 
GWIC ID# 227189 10/20/2015 -18.9 -149 
GWIC ID# 197462 10/21/2015 -18.5 -146 
GWIC ID# 263277 10/21/2015 -18.4 -146 
GWIC ID# 189408 10/21/2015 -19.1 -149 
GWIC ID# 268805 10/21/2015 -18.7 -148 
GWIC ID# 153761 10/23/2015 -19.0 -151 
GWIC ID# 267009 10/23/2015 -18.3 -144 
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Site Date δ18O δ2H 
MW-15-08 6/21/2016 -17.8 -139 
MW-15-07 6/21/2016 -18.3 -142 
MW-12-13 6/21/2016 -18.5 -145 
MW-12-17 6/21/2016 -19.3 -152 
MW-12-14 6/21/2016 -17.5 -137 
MW-12-11 6/21/2016 -18.1 -141 
MW-15-04 6/21/2016 -20.0 -155 
MW-12-12 6/21/2016 -19.4 -151 
MW-15-09 6/21/2016 -18.7 -146 
MW-12-18 6/21/2016 -18.6 -145 
MW-15-05 6/22/2016 -19.6 -153 
MW-15-02 6/22/2016 -18.0 -140 
MW-12-15 6/22/2016 -19.1 -149 
MW-12-16 6/22/2016 -18.6 -146 
MW-15-03 6/23/2016 -19.8 -153 
MW-15-03 DUP 6/23/2016 -20.0 -154 
MW-15-13 6/23/2016 -18.5 -141 
MW-15-12 6/23/2016 -18.4 -140 
MW-15-10 6/23/2016 -17.8 -138 
MW-15-11 6/23/2016 -19.1 -149 
MW-15-01 6/28/2016 -18.1 -144 
MW-15-06 6/28/2016 -19.6 -153 
GWIC ID# 190732 6/20/2016 -19.0 -148 
GWIC ID# 124175 6/20/2016 -18.9 -147 
GWIC ID# 263277 6/21/2016 -18.6 -146 
GWIC ID# 50991 6/21/2016 -17.7 -136 
GWIC ID# 269126 6/21/2016 -17.6 -137 
GWIC ID# 183655 6/22/2016 -19.0 -148 
GWIC ID# 51031 6/22/2016 -17.8 -142 
GWIC ID# 158789 6/22/2016 -18.8 -150 
GWIC ID# 163566 6/23/2016 -17.3 -143 
GWIC ID# 196757 6/23/2016 -17.9 -145 
GWIC ID# 227189 6/24/2015 -18.1 -149 
GWIC ID# 197462 6/24/2016 -16.2 -133 
GWIC ID# 189408 6/27/2016 -18.2 -146 
GWIC ID# 267009 6/27/2016 -17.8 -144 
GWIC ID# 248824 6/27/2016 -18.6 -148 
GWIC ID# 218031 6/28/2016 -19.0 -151 
GWIC ID# 153761 6/30/2016 -18.5 -150 
GWIC ID# 153761 6/30/2016 -18.6 -151 
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Site Date δ18O δ2H 
GWIC ID# 268805 6/30/2016 -18.5 -149 
GWIC ID# 269001 6/30/2016 -17.4 -140 
GWIC ID# 284249 6/30/2016 -16.7 -134 
GWIC ID# 153525 7/18/2016 -19.0 -152 
GWIC ID# 206013 7/18/2016 -18.6 -148 
GWIC ID# 206012 7/18/2016 -18.7 -148 
GWIC ID# 51010 7/18/2016 -18.4 -145 
OFGD-1 6/29/2016 -17.5 -138 
BRCD-5 6/29/2016 -19.4 -154 
BRCD-4 6/29/2016 -17.9 -143 
OFGD-3 6/29/2016 -17.0 -137 
BRCD-2 6/29/2016 -18.1 -144 
BRCD-1E 6/29/2016 -19.1 -150 
BRCD-1 6/29/2016 -17.0 -139 
YDC-1 6/30/2016 -16.9 -135 
YD-3B 6/30/2016 -17.4 -139 
YDS-1 6/30/2016 -16.8 -133 
DC-1 7/1/2016 -17.9 -141 
DC-1 Dup 7/1/2016 -17.8 -141 
YDTI-NE 7/1/2016 -13.8 -118 
YDTI-NW 6/30/2016 -13.7 -118 
SBC-1 7/1/2016 -17.8 -138 
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Appendix E: Photos 
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Yankee Doodle tailings discharge, showing the extensive beach deposit. [C. Gammons, Oct., 
2005) 
 
Inflatable kayak with sampling gear at launch site. 
100 
 
 
Peeper sampler in bag connected to argon gas tank. 
 
Piezometer and peeper at Site 1. 
101 
 
 
Piezometer with peeper sampler deployed in sediment. 
 
102 
 
 
Beach sand to slimes transition area. 
103 
 
 
Frozen sediment core samples. 
 
Core sample sediment being rinsed and filtered. 
104 
 
 
Dried core sample sediment. 
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Appendix E: Sediment Sample Data 
 
 
 
 
 
 
 
 
 
 
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
